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COMPOSITIONS AND METHODS FOR THE THERAPY AND DIAGNOSIS OF 

BREAST C ANCER 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of U.S. Patent Application No. 
09 590,583, filed June 8, 2000, w hich is a continuation-in-part of U.S. Patent Application 
No. 09577,505, filed May ;^4, 2000, which is a continuation-in-part of U.S. Patent 
Application No. 09 534,825, fikd March 22, 2000, which is a continuation-in-part of U.S. 
Patent Application No. 09 429,755, filed October 28, 1999, which is a continuation-in-part 
of U.S. Patent Application No. 09/289,198, filed April 9, 1999, which is a continuation-in- 
part of U.S. Patent Applicafion No. 09/062,451, filed April 17, 1998, which is a 
continuation in part of U.S. Patent Application No. 08/991,789, filed December 11, 1997, 
which is a continuation-in-part of U.S. Patent Application No. 08/838,762, filed April 9, 
1997, now abandoned, which clain^s priority from International Patent Application 
No, PCT/US97/00485, filed January 10\ 1997, and is a continuation-in-part of U.S. Patent 
Application No. 08/700,014, filed August.20, 1996, which is a continuation-in-part of U.S. 
Patent Application No. 08/585,392, filed January 1 1, 1996, now abandoned. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to therapy and diagnosis of cancer, 
such as breast cancer. The invention is more specifically related to polypeptides, 
comprising at least a portion of a breast tumor protein, and to polynucleotides encoding 
such polypeptides. Such polypeptides and polynucleotides are useful in pharmaceutical 
compositions, e.g.. xaccines, and other compositions for the diagnosis and treatment of 
breast cancer. 

BACKGROUND OF THE INVENTION 

Breast cancer is a significant health problem for women in the United States 
and throughout the world. Although advances ha\ e been made in detection and treatment 
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of the disease, breast cancer remains the second leading cause of cancer-related deaths in 
w omen, affecting more than 180,000 w omen m the L'nited States each \'ear. For w omen in 
North America, the life-tmie odds of getting breast cancer are now one in eight. 

No \accine or other unixersalK' successtul method for the prevention or 
5 treatment of breast cancer is currently ax ailable. Management of the disease currently 
relies on a combination of early diagnosis (through routine breast screening procedures) 
and aggressive treatment, w hich may include one or more of a \ ariety of treatments such as 
surgery, radiotherapx', chemotherapy and homione therapy. The course of treatment for a 
particular breast cancer is often selected based on a variety of prognostic parameters, 
10 including an analysis of specific tumor markers. Scc\ e.g.. Porter-Jordan and Lippman, 
Breast Cancer 5:73-100 (1994). How ever, the use of established markers often leads to a 
result that is difficult to interpret, and the high mortality observed in breast cancer patients 
indicates that improv ements are needed in the treatment, diagnosis and prevention of the 
disease. 

15 Accordingly, there is a need in the art for improved methods for therapy and 

diagnosis of breast cancer. The present invention fulfills these needs and further provides 
other related advantages. 



SUMMARY OF THE INVENTION 

In one aspect, the present invention provides polynucleotide compositions 
20 comprising a sequence selected from the group consisting of: 

(a) sequences provided in SEQ ID NO: 1, 3-86, 142-298, 301-303, 307, 
313, 314, 316, 317 and 325; 

(b) complements of the sequences provided in SEQ ID NO: 1, 3-86, 
142-298, 301-303, 307, 313, 314, 316, 317 and 325; 

25 (c) sequences consisting of at least 20 contiguous residues of a sequence 

provided in SEQ ID NO: 1. 3-86, 142-298, 301-303, 307, 313, 314, 316, 317 and 325; 
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(d) sequences thai hybridi/e to a sequence pro\ided in SEQ ID NO: 1, 
3-86. 142-298. 3()l-3()3, 30'^, 313, 314, 316, 317 and 325, under moderately stringent 
conditions: 

(e) sequences ha\ ing at least 75^' o identit)' to a sequence of SEQ ID NO: 
5 1, 3-86. 142-298. 301-303, 307. 313. 314. 316, 317 and 325: 

(0 sequences having at least 90*^ o identit\' to a sequence of SEQ ID NO: 
1, 3-86, 142-298, 301-303, 307, 313, 314, 316, 317 and 325; and 

(g) degenerate variants of a sequence pro\ ided in SEQ ID NO: 1, 3-86, 
142-298, 301-303, 307, 313, 314, 316, 317 and 325. 

10 

In one preferred embodiment, the polynucleotide compositions of the 
in\ention are expressed in at least about 20%, more preferably in at least about 30%, and 
most preferably in at least about 50% of breast tumors samples tested, at a level that is at 
least about 2-fold, preferably at least about 5-fold, and most preferably at least about 10- 
1 5 fold higher than that for nomial tissues. 

The present in\'ention, in another aspect, provides polypeptide compositions 
comprising an amino acid sequence that is encoded by a polynucleotide sequence described 
above. 

The present invention further provides polypeptide compositions comprising 
20 an amino acid sequence selected from the group consisting of sequences recited in SEQ ID 
NO: 299, 300, 304-306, 308-312, 314 and 326. 

In certain preferred embodiments, the polypeptides and/or polynucleotides 
of the present invention are immunogenic, i.e., they are capable of eliciting an immune 
response, particularly a humoral and/or cellular immune response, as further described 
25 herein. 

The present invention further provides fragments, variants and/or derivatives 
of the disclosed polypeptide and/or polynucleotide sequences, wherein the fragments, 
variants and or den\'atives preferably have a level of immunogenic activity of at least about 
50" o. preferably at least about 70% and more preferably at least about 90%) of the level of 
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immunogenic actiMt> of a polypeptide sequence set forth in SEQ ID NOs: 299, 300, 304- 
306, 308-312, 314 and 326 or a polypeptide sequence encoded b\' a polynucleotide 
sequence set forth m SEQ ID XOs: K 3-86, 142-298, 301-303, 307, 313, 314, 316, 317 and 
325. 

5 The present in\ention further proxides polynucleotides that encode a 

pol\peptide described above, expression vectors comprising such polynucleotides and host 
cells transformed or transfected with such expression vectors. 

Within other aspects, the present invention provides pharmaceutical 
compositions comprising a polypeptide or polynucleotide as described above and a 
1 0 physiologically acceptable carrier. 

Within a related aspect of the present invention, the pharmaceutical 
compositions, e.g., vaccine compositions, are provided for prophylactic or therapeutic 
applications. Such compositions generally comprise an immunogenic polypeptide or 
polynucleotide of the invention and an immunostimulant, such as an adjuvant. 
15 The present invention further provides pharmaceutical compositions that 

comprise: (a) an antibody or antigen-binding fragment thereof that specifically binds to a 
polypeptide of the present invention, or a fragment thereof; and (b) a physiologically 
acceptable carrier. 

Within further aspects, the present invention provides pharmaceutical 
20 compositions comprising: (a) an antigen presenting cell that expresses a polypeptide as 
described above and (b) a pharmaceutically acceptable carrier or excipient. Illustrative 
antigen presenting cells include dendritic cells, macrophages, monocytes, fibroblasts and B 
cells. 

W^ithin related aspects, pharmaceutical compositions are provided that 
25 comprise: (a) an antigen presenting cell that expresses a polypeptide as described above 
and (b) an immunostimulant. 

The present invention further prox ides. in other aspects, fusion proteins that 
comprise at least one polypeptide as described above, as well as polynucleotides encoding 
such fusion proteins, typically in the fonn of pharmaceutical compositions, e.g., vaccine 
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compositions, comprising a ph\ siologically acceptable carrier and or an immunostimulant. 
The fusions proteins ma\ comprise multiple immunogenic poKpeptides or 
portions variants thereof, as described herein, and ma\ further comprise one or more 
polypeptide segments for facilitating the expression, purification and or immunogenicity of 
5 the pol>'peptide(s). 

W^ithin further aspects, the present invention provides methods for 
stimulating an immune response in a patient, preferably a T cell response in a human 
patient, comprising administering a phamiaceutical composition described herein. The 
patient may be afflicted w ith breast cancer, in which case the methods prov ide treatment for 
10 the disease, or patient considered at risk for such a disease may be treated prophylactically. 

Within further aspects, the present invention provides methods for inhibiting 
the development of a cancer in a patient, comprising administering to a patient a 
phamiaceutical composition as recited above. The patient may be afflicted wqth breast 
cancen in which case the methods provide treatment for the disease, or patient considered 
1 5 at risk for such a disease may be treated prophylactically. 

The present invention further provides, within other aspects, methods for 
removing tumor cells from a biological sample, comprising contacting a biological sample 
w ith T cells that specifically react with a polypeptide of the present invention, wherein the 
step of contacting is performed under conditions and for a time sufficient to pennit the 
20 removal of cells expressing the protein from the sample. 

Within related aspects, methods are provided for inhibiting the development 
of a cancer in a patient, comprising administering to a patient a biological sample treated as 
described above. 

Methods are further provided, within other aspects, for stimulating and/or 
25 expanding T cells specific for a polypeptide of the present invention, comprising contacting 
T cells with one or more of: (i) a polypeptide as described above; (ii) a polynucleotide 
encoding such a polypeptide; and'or (iii) an antigen presenting cell that expresses such a 
polypeptide: under conditions and for a time sufficient to pemiit the stimulation and/or 
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expansion of T cells. Isolated T cell populations comprising T cells prepared as described 
abo\ e are also pro\ ided. 

Within further aspects, the present invention pro\ ides methods for inhibiting 
the dev elopment of a cancer in a patient, comprising administermg to a patient an effective 
5 amount of a T cell population as described above. 

The present in\*ention further provides methods for inhibiting the 
development of a cancer in a patient, comprising the steps of: (a) incubating CD4"^ and/or 
CDS^ T cells isolated from a patient with one or more of: (i) a polypeptide comprising at 
least an immunogenic portion of polypeptide disclosed herein; (ii) a polynucleotide 
10 encoding such a polypeptide; and (iii) an antigen-presenting cell that expressed such a 
polypeptide; and (b) administering to the patient an effective amount of the proliferated 
T cells, and thereby inhibiting the development of a cancer in the patient. Proliferated cells 
may, but need not, be cloned prior to administration to the patient. 

Within further aspects, the present invention provides methods for 
15 detemiining the presence or absence of a cancer, preferably a breast cancer, in a patient 
comprising: (a) contacting a biological sample obtained from a patient with a binding agent 
that binds to a polypeptide as recited above; (b) detecting in the sample an amount of 
polypeptide that binds to the binding agent; and (c) comparing the amount of polypeptide 
with a predetemiined cut-off value, and therefrom determining the presence or absence of a 
20 cancer in the patient. Within preferred embodiments, the binding agent is an antibody, 
more preferably a monoclonal antibody. 

The present invention also provides, within other aspects, methods for 
monitoring the progression of a cancer in a patient. Such methods comprise the steps of: 

(a) contacting a biological sample obtained from a patient at a first point in time with a 
25 binding agent that binds to a polypeptide as recited above; (b) detecting in the sample an 

amount of polypeptide that binds to the binding agent; (c) repeating steps (a) and (b) using 
a biological sample obtained from the patient at a subsequent point in time; and (d) 
comparing the amount of polypeptide detected in step (c) with the amount detected in step 

(b) and therefrom monitoring the progression of the cancer in the patient. 
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The present in\ention further pro\ides, within other aspects, methods for 
detemiining the presence or absence of a cancer in a patient, comprising the steps of: (a) 
contacting a biological sample obtained from a patient with an oligonucleotide that 
h\'bridizes to a polxnucleotide that encodes a polypeptide of the present in\'ention; (b) 
5 detecting in the sample a le\ el of a polynucleotide, preferably mRNA, that hybridizes to the 
oligonucleotide; and (c) comparing the level of polynucleotide that hybridizes to the 
oligonucleotide w ith a predetemiined cut-off value, and therefrom determining the presence 
or absence of a cancer in the patient. Within certain embodiments, the amount of mRNA is 
detected \'ia polymerase chain reaction using, for example, at least one oligonucleotide 

10 primer that hybridizes to a polynucleotide encoding a polypeptide as recited above, or a 
complement of such a polynucleotide. Within other embodiments, the amount of mRNA is 
detected using a hybridization technique, employing an oHgonucleotide probe that 
hybridizes to a polynucleotide that encodes a polypeptide as recited above, or a 
complement of such a polynucleotide. 

1 5 In related aspects, methods are provided for monitoring the progression of a 

cancer in a patient, comprising the steps of: (a) contacting a biological sample obtained 
from a patient with an oligonucleotide that hybridizes to a polynucleotide that encodes a 
polypeptide of the present invention; (b) detecting in the sample an amount of a 
polynucleotide that hybridizes to the oligonucleotide; (c) repeating steps (a) and (b) using a 

20 biological sample obtained from the patient at a subsequent point in time; and (d) 
comparing the amount of polynucleotide detected in step (c) with the amount detected in 
step (b) and therefrom monitoring the progression of the cancer in the patient. 

Within further aspects, the present invention provides antibodies, such as 
monoclonal antibodies, that bind to a polypeptide as described above, as w ell as diagnostic 

25 kits comprising such antibodies. Diagnostic kits comprising one or more oligonucleotide 
probes or primers as described above are also provided. 

These and other aspects of the present invention w ill become apparent upon 
reference to the following detailed description and attached drawings. All references 
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disclosed herein are hereb\ incorj^orated by reference m then- entiret\' as if each was 
mcorporatcd individually 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the differential display PCR products, separated by gel 
5 electrophoresis, obtained from cDNA prepared from nom^al breast tissue (lanes 1 and 2) 
and from cDNA prepared from breast tumor tissue trom the same patient (lanes 3 and 4). 
The arrow indicates the band corresponding to BlSAgl. 

Figure 2 is a northern blot comparing the level of BlSAgl mRNA in breast 
tumor tissue (lane 1 ) with the level in normal breast tissue. 
10 Figure 3 shows the level of BlSAgl mRNA in breast tumor tissue compared 

to that in various normal and non-breast tumor tissues as determined by RNase protection 
assays. 

Figure 4 is a genomic clone map showing the location of additional 
retroviral sequences obtained from ends of Xbal restriction digests (provided in SEQ ID 
1 5 N0:3 - SEQ ID NO: 1 0) relative to B 1 8 Agl . 

Figures 5A and 5B show the sequencing strategy, genomic organization and 
predicted open reading frame for the retroviral element containing BlSAgl. 

Figure 6 shows the nucleotide sequence of the representative breast tumor- 
specific cDNA BlSAgl. 
20 Figure 7 shows the nucleotide sequence of the representative breast tumor- 

specific cDNA B17Agl. 

Figure S shows the nucleotide sequence of the representative breast tumor- 
specific cDNA B17Ag2. 

Figure 9 shows the nucleotide sequence of the representative breast tumor- 
25 specific cDNA B13Ag2a. 

Figure 10 shows the nucleotide sequence of the representative breast tumor- 
specific cDNA B13Aglb. 
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Figure 1 1 shows the nucleotide sequence of the representativ e breast tumor- 
specific cDNA B13Agla. 

Figure 12 shows the nucleotide sequence of the representati\ e breast tumor- 
specific cDNA Bll Agl. 
5 Figure 13 shows the nucleotide sequence of the represenlati\ e breast tumor- 

specific cDXA B3CA3C. 

Figure 14 shows the nucleotide sequence of the representative breast tumor- 
specific cDN A B9CG1. 

Figure 15 shows the nucleotide sequence of the representativ e breast tumor- 
10 specific cDNA B9CG3. 

Figure 16 shows the nucleotide sequence of the representativ e breast tumor- 
specific cDNA B2CA2. 

Figure 17 show s the nucleotide sequence of the representative breast tumor- 
specific cDNA B3CA1. 

15 Figure 18 show s the nucleotide sequence of the representative breast tumor- 

specific cDNA B3CA2. 

Figure 19 show s the nucleotide sequence of the representative breast tumor- 
specific cDNA B3CA3. 

Figure 20 show^s the nucleotide sequence of the representative breast tumor- 
20 specific CDNAB4CAK 

Figure 21 A depicts RT-PCR analysis of breast tumor genes in breast tumor 
tissues (lanes 1-8) and normal breast tissues (lanes 9-13) and H.O (lane 14). 

Figure 21 B depicts RT-PCR analysis of breast tumor genes in prostate 
tumors (lane 1, 2), colon tumors (lane 3), lung tumor (lane 4), normal prostate (lane 5), 
25 normal colon (lane 6), nomial kidney (lane 7), nomial liver (lane 8), nomial lung (lane 9), 
nomial ovary (lanes 10, 18), nomial pancreases (lanes 11, 12), nomial skeletal muscle (lane 
13), nomial skin (lane 14). nomial stomach (lane 15), nomial testes (lane 16), nomial small 
intestine (lane 17), HBL-100 (lane 19), MCF-12A (lane 20), breast tumors (lanes 21-23), 
H.O (lane 24), and colon tumor (lane 25). 
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iMgure 22 shows the recognition of a Bl 1 Agl peptide (referred to as Bl 1-8) 
by an anti-Bl 1-8 CTL line. 

Figure 23 show s the recognition of a cell line transduced w ith the antigen 
B 11 Agl by the Bl 1-8 specific clone Al. 
5 Figure 24 shows recognition of a lung adenocarcinoma line (LT- 140-22) and 

a breast adenocarcinoma line (CAMA-1 ) by the Bll-S specific clone Al . 



DETAILED DESCRIPTION OF THE INVENTION 

The present in\'ention is directed generally to compositions and their use in 
the therapy and diagnosis of cancer, particularly breast cancer. As described further below, 
10 illustrative compositions of the present invention include, but are not restricted to, 
polypeptides, particularly immunogenic polypeptides, polynucleotides encoding such 
polypeptides, antibodies and other binding agents, antigen presenting cells (APCs) and 
immune system cells {e.g., T cells). 

The practice of the present invention will employ, unless indicated 
15 specifically to the contrary, conventional methods of virology, immunology, microbiology, 
molecular biology and recombinant DNA techniques within the skill of the art, many of 
which are described below for the purpose of illustration. Such techniques are explained 
fully in the literature. See, e.g., Sambrook, et al. Molecular Cloning: A Laboratory Manual 
(2nd Edition, 1989); Maniatis et ah Molecular Cloning: A Laboratory Manual (1982); 
20 DNA Cloning: A Practical Approach, vol. I & II (D. Glover, ed.); Oligonucleotide 
Synthesis (N. Gait, ed., 1984); Nucleic Acid Hybridization (B. Hames & S. Higgins, eds., 
1985); Transcription and Translation (B. Hames & S. Higgins, eds., 1984); Animal Cell 
Culture (R. Freshney, ed., 1986); Perbal, A Practical Guide to Molecular Cloning (1984). 

All publications, patents and patent applications cited herein, whether supra 
25 or infra, are hereby incorporated by reference in their entirety. 

As used in this specification and the appended claims, the singular forms 
"a," "an" and "the" include plural references unless the content clearly dictates otherwise. 
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Polypeptide Com p ositions 

As used herein, the temi "polypeptide" " is used in its con\entional 
meaning, i.e.. as a sequence of amino acids. The poKpeptides are not hmiled to a specific 
length of the product; thus, peptides, oligopeptides, and proteins are included w ithin the 
5 definition of polypeptide, and such temis may be used interchangeably herein unless 
specificalh' indicated otherwise. This term also does not refer to or exclude post- 
expression modifications of the polypeptide, for example, glycosylations, acetylations, 
phosphor\iations and the like, as well as other modifications known in the art, both 
naturally occurring and non-naturally occurring. A polypeptide may be an entire protein, 

1 0 or a subsequence thereof Particular polypeptides of interest in the context of this invention 
are amino acid subsequences comprising epitopes, /.e., antigenic detemiinants substantially 
responsible for the immunogenic properties of a polypeptide and being capable of evoking 
an immune response. 

Particularly illustrative polypeptides of the present invention comprise those 

15 encoded by a polynucleotide sequence set forth in any one of SEQ ID NOs: 1, 3-86, 142- 
298, 301-303, 307, 313, 314, 316, 317 and 325, or a sequence that hybridizes under 
moderately stringent conditions, or, alternatively, under highly stringent conditions, to a 
polynucleotide sequence set forth in any one of SEQ ID NOs: 1, 3-86, 142-298, 301-303, 
307, 313, 314, 316, 317 and 325. Certain other illustrative polypeptides of the invention 

20 comprise amino acid sequences as set forth in any one of SEQ ID NOs: 299, 300, 304-306, 
308-312, 314 and 326. 

The polypeptides of the present invention are sometimes herein referred to 
as breast tumor proteins or breast tumor polypeptides, as an indication that their 
identification has been based at least in part upon their increased levels of expression in 

25 breast tumor samples. Thus, a " breast tumor polypeptide" or ''breast tumor protein," 
refers generally to a polypeptide sequence of the present invention, or a polynucleotide 
sequence encoding such a polypeptide, that is expressed in a substantial proportion of 
breast tumor samples, for example preferably greater than about 20%. more preferably 
greater than about 30^/0, and most preferably greater than about 50% or more of breast 

1 1 
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tumor samples tested, at a lc\el that is at least two told, and preferabl> at least fi\e told, 
greater than the le\ el of expression in nomial tissues, as determined using a representatix e 
assa>' pro\ ided herein. A breast tumor poKpeptide sequence of the in\ ention, based upon 
its increased le\ el of expression in tumor cells, has particular utility both as a diagnostic 
5 marker as w ell as a therapeutic target, as further described below . 

In certain preferred embodiments, the polypeptides of the in\'ention are 
immunogenic, i.e.. they react detectably within an immunoassay (such as an ELISA or T- 
cell stiniulation assay) with antisera and or T-cells from a patient with breast cancer. 
Screening for immunogenic acti\ ity can be performed using techniques w ell known to the 

10 skilled artisan. For example, such screens can be perfomied using methods such as those 
described in Harlow and Lane, Antibodies: A Laboratofj Manual, Cold Spring Harbor 
Laboratory\ 1988. \n one illustrative example, a polypeptide may be immobilized on a 
solid support and contacted w ith patient sera to allow binding of antibodies within the sera 
to the immobilized polypeptide. Unbound sera may then be removed and bound antibodies 

1 5 detected using, for example, ^"'I-labeled Protein A. 

As w ould be recognized by the skilled artisan, immunogenic portions of the 
polypeptides disclosed herein are also encompassed by the present invention. An 
"immunogenic portion," as used herein, is a fragment of an immunogenic polypeptide of 
the invention that itself is immunologically reactive (i.e., specifically binds) with the B- 

20 cells and/or T-cell surface antigen receptors that recognize the polypeptide. Immunogenic 
portions may generally be identified using well known techniques, such as those 
summarized in Paul, Fundamental ImmunoIog}\ 3rd ed., 243-247 (Raven Press, 1993) and 
references cited therein. Such techniques include screening polypeptides for the ability to 
react with antigen-specific antibodies, antisera and/or T-cell lines or clones. As used 

25 herein, antisera and antibodies are "antigen-specific" if they specifically bind to an antigen 
{i.e.. they react with the protein in an ELISA or other immunoassay, and do not react 
detectably with unrelated proteins). Such antisera and antibodies may be prepared as 
described herein, and using well-known techniques. 
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In one preferred embodiment, an immunogenic portion of a polypeptide of 
the present nn ention is a portion that reacts w ith antisera and or T-cclls at a le\'el that is not 
substantialh less than the reacti\'it\' of the full-length polypeptide (e.g.. in an ELISA and or 
T-cell reacti\ it\* assa\ ). PreferabK', the le\'el of immunogenic acti\ ity of the immunogenic 
5 portion is at least about 50^ o, preferably at least about 7()*\) and most preferably greater 
than about 90" o of the immunogenicity for the full-length polypeptide. In some instances, 
preferred immunogenic portions will be identified that ha\e a lexel of immunogenic 
acti\ ity greater than that of the corresponding full-length polypeptide, e.g.. having greater 
than about 100"o or 150^ o or more immunogenic acti\'ity. 
10 In certain other embodiments, illustrative immunogenic portions may 

include peptides in which an N-tcrminal leader sequence and'or transmembrane domain 
have been deleted. Other illustrative immunogenic portions will contain a small N- and/or 
C-terminal deletion {e.g., 1-30 amino acids, preferably 5-15 amino acids), relative to the 
mature protein. 

15 In another embodiment, a polypeptide composition of the invention may 

also comprise one or more polypeptides that are immunologically reactive with T cells 
and/or antibodies generated against a polypeptide of the invention, particularly a 
polypeptide ha\'ing an amino acid sequence disclosed herein, or to an immunogenic 
fragment or variant thereof. 

20 In another embodiment of the invention, polypeptides are provided that 

comprise one or more polypeptides that are capable of eliciting T cells and/or antibodies 
that are immunologically reactive with one or more polypeptides described herein, or one 
or more polypeptides encoded by contiguous nucleic acid sequences contained in the 
polynucleotide sequences disclosed herein, or immunogenic fragments or variants thereof, 

25 or to one or more nucleic acid sequences which hybridize to one or more of these 
sequences under conditions of moderate to high stringency. 

The present invention, in another aspect, pro\'ides polypeptide fragments 
comprising at least about 5, 10, 15, 20, 25, 50, or 100 contiguous amino acids, or more, 
including all intennediate lengths, of a polypeptide compositions set forth herein, such as 
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those set forth in SEQ ID NOs: 299, 300, 304-306. 308-312, 314 and 326. or those encoded 
by a poKnucleotide sequence set forth in a sequence of SEQ ID NOs: 1. 3-86, 142-298. 
30I0O3. 30^. 313. 314, 316, 3n and 325. 

In another aspect, the present in\ ention pro\ ides \ ariants of the poKpeptide 
5 compositions described herein, Pol\peptidc variants generally encompassed by the present 
mvention will typically exhibit at least about 70«o. 75^' 0, 85%. 90%, 91%, 92%, 93%, 
94^' 0, 95*\), 96*%, 97^), 98*^0, or 99*^) or more identity (detennined as described below), 
along its length, to a polypeptide sequences set forth herein. 

In one preferred embodiment, the polypeptide fragments and variants 
10 prox'ide by the present inxention are immunologically reactive with an antibody and/or T- 
cell that reacts with a full-length polypeptide specifically set for the herein. 

In another preferred embodiment, the polypeptide fragments and variants 
pro\ ided by the present invention exhibit a level of immunogenic activity of at least about 
50%, preferably at least about 70%, and most preferably at least about 90% or more of that 
15 exhibited by a full-length polypeptide sequence specifically set forth herein. 

A polypeptide ''variant," as the temi is used herein, is a polypeptide that 
typically differs from a polypeptide specifically disclosed herein in one or more 
substitutions, deletions, additions and/or insertions. Such variants may be naturally 
occurring or may be synthetically generated, for example, by modifying one or more of the 
20 above polypeptide sequences of the invention and evaluating their immunogenic activity as 
described herein and/or using any of a number of techniques well known in the art. 

For example, certain illustrative variants of the polypeptides of the invention 
include those in which one or more portions, such as an N-terminal leader sequence or 
transmembrane domain, have been removed. Other illustrative variants include variants in 
25 which a small portion {eg,, 1-30 amino acids, preferably 5-15 amino acids) has been 
removed from the N- and'Or C-temiinal of the mature protein. 

In many instances, a variant will contain conser\'ati\'e substitutions. A 
"conser\ ative substitution" is one in which an amino acid is substituted for another amino 
acid that has similar properties, such that one skilled in the art of peptide chemistry would 
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expect the secondary structure and hydropathic nature of the polypeptide to be substantially 
unchanged. As described abo\e, modifications ma\ be made in the structure of the 
polynucleotides and pol\peptides of the present unention and still obtain a functional 
molecule that encodes a \ariant or deri\ative polypeptide with desirable characteristics. 
5 e.g., w ith immunogenic characteristics. Wlien it is desired to alter the amino acid sequence 
of a polypeptide to create an equi\'alent, or even an impro\ ed, immunogenic variant or 
portion of a polypeptide of the invention, one skilled in the art will typically change one or 
more of the codons of the encoding DNA sequence according to Table 1 . 

For example, certain amino acids may be substituted for other amino acids 

10 in a protein structure without appreciable loss of interacti\e binding capacity with 
structures such as, for example, antigen-binding regions of antibodies or binding sites on 
substrate molecules. Since it is the interactive capacity and nature of a protein that defines 
that protein's biological functional activity, certain amino acid sequence substitutions can 
be made in a protein sequence, and, of course, its underlying DNA coding sequence, and 

15 nevertheless obtain a protein with like properties. It is thus contemplated that various 
changes may be made in the peptide sequences of the disclosed compositions, or 
corresponding DNA sequences w^hich encode said peptides without appreciable loss of 
their biological utility or activity. 
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Phe 


I- 


L I'G 


I I r 










Glycine 


Gly 


G 


GG\ 


GGC 


(jGCi 


GGl' 






Histidine 


His 


11 


CAC 


CAU 










Isoleucme 


He 


I 


ADA 


ALIC 


AUL' 








Lysine 


Lys 


K 


AAA 


AAG 










Leucine 


Leu 


L 


ULJA 


LILIG 


CLIA 


cue 


CUG 


CUU 


Methionine 


Met 


M 


A Lie} 












Asparagine 


Asn 


N 


AAC 


AAU 










Proline 


Pro 


P 


CCA 


CCC 


CCG 


ecu 






Glutamine 


Gin 


Q 


CAA 


CAG 










Arginme 


Arg 


R 


AGA 


AGG 


CGA 


CGC 


CGG 


CGU 


Serine 


Ser 


S 


AGC 


AGU 


IJCA 


UCC 


UCG 


UCU 


Threonine 


Thr 


T 


AC/\ 


ACC 


ACG 


ACU 






Valine 


Val 


\ 


GUA 


(jUC 


GUG 


GUU 






Tryptophan 


Trp 


W 


UGG 












Tyrosine 


Tyr 


Y 


UAC 


UAU 











In making such changes, the hydropathic index of amino acids may be 
considered. The importance of the hydropathic amino acid index in conferring interactive 
biologic function on a protein is generally understood in the art (Kyte and Doolittle, 1982, 
incorporated herein by reference). It is accepted that the relative hydropathic character of 
the amino acid contributes to the secondary'' structure of the resultant protein, which in turn 
defines the interaction of the protein with other molecules, for example, enzymes. 
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substrates, receptors, D\A. antibodies, antigens, and the like. Each amino acid has been 
assigned a h\dropathic index on the basis of its hydrophobicit\ and charge characteristics 
(Kyte and DooHttle. 19S2). These \'alues are: isoleucine (^4.5): \ahne (^4.2); leucine 
(-3.8); phen\'lalanine (-2.8); cysteine c>'stine (-2.5); methionine (-1.9); alanine (-1.8); 
5 glycine (-0.4); threonine ( -0.7); serine ( -0.8); tryptophan ( 0.9); t>TOsine (- 1.3); proline (- 
1.6); hislidine (- 3.2); glutamate ( 3.5); glutamine ( 3.5); aspartate (-3.5); asparagine (- 
3.5); ]\'sine ( 3.9); and arginine (- 4.5). 

It is known in the art that certain amino acids may be substituted by other 
amino acids ha\ ing a similar hydropathic index or score and still result in a protein with 

10 similar biological acti\ ity, i.e. still obtain a biological functionally equix alent protein. In 
making such changes, the substitution of amino acids whose hydropathic indices are w ithin 
±2 is preferred, those within ±1 are particularly preferred, and those within ±0.5 are even 
more particularly preferred. It is also understood in the art that the substitution of like 
amino acids can be made effectively on the basis of hydrophilicity. U. S. Patent 4,554,101 

15 (specifically incorporated herein by reference in its entirety), states that the greatest local 
average hydrophilicity of a protein, as governed by the hydrophilicity of its adjacent amino 
acids, correlates with a biological property of the protein. 

As detailed in U. S. Patent 4,554,101, the following hydrophilicity values 
have been assigned to amino acid residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 ± 

20 1); glutamate (+3,0 ± 1); serine (+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0); 
threonine (-0.4); proline (-0.5 ± 1); alanine (-0.5); histidine (-0.5); cysteine (-1.0); 
methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine (-1.8); tyrosine (-2.3); 
phenylalanine ( 2.5); tryptophan (-3.4). It is understood that an amino acid can be 
substituted for another having a similar hydrophilicity value and still obtain a biologically 

25 equivalent, and in particular, an immunologically equivalent protein. In such changes, the 
substitution of amino acids whose hydrophilicity values are within ±2 is preferred, those 
within ±1 are particularly preferred, and those within ±0.5 are even more particularly 
preferred. 
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As oLillined abo\'e, amino acid substitutions are generalK theretore based on 
the relative sinularitx" of the amino acid side-cham substitucnts, for example, their 
h\'drophobicit\". h>drophiHcit\'. charge, si/e. and the like. Exemplary substitutions that 
take \ arious of the foregoing characteristics into consideration are w ell know n to those of 
5 skill in the art and include: arginine and lysine; glutamate and aspartate: serine and 
threonine; glutamine and asparagine; and \'aline, leucine and isoleucine. 

hi addition, any polynucleotide may be further modified to increase stability 
//; \7vo. Possible modifications include, but are not limited to, the addition of flanking 
sequences at the 5' and or 3' ends; the use of phosphorothioate or 2' 0-methyl rather than 

10 phosphodiesterase linkages in the backbone; and/or the inclusion of nontraditional bases 
such as inosine, qucosine and wybutosine, as well as acetyl- methyl-, thio- and other 
modified fomis of adenine, cytidine, guanine, thymine and uridine. 

Amino acid substitutions may further he made on the basis of similarity in 
polarity, charge, solubility, hydrophobicity, hydrophilicity and/or the amphipathic nature of 

15 the residues. For example, negatively charged amino acids include aspartic acid and 
glutamic acid; positively charged amino acids include lysine and arginine; and amino acids 
with uncharged polar head groups having similar hydrophilicity values include leucine, 
isoleucine and valine; glycine and alanine; asparagine and glutamine; and serine, threonine, 
phenylalanine and tyrosine. Other groups of amino acids that may represent conser\^ative 

20 changes include: (1) ala, pro, gly, glu, asp, gin, asn, ser, thr; (2) cys, ser, tyr, thr; (3) val, 
ile, leu, met, ala, phe; (4) lys, arg, his; and (5) phe, tyr, trp, his. A variant may also, or 
alternatively, contain nonconser\^ative changes. In a preferred embodiment, variant 
polypeptides differ from a native sequence by substitution, deletion or addition of five 
amino acids or few er. Variants may also (or alternatively) be modified by, for example, the 

25 deletion or addition of amino acids that have minimal influence on the immunogenicity, 
secondarv' structure and hydropathic nature of the polypeptide. 

As noted abo\'e, polypeptides may comprise a signal (or leader) sequence at 
the N-temiinal end of the protein, which co-translationally or post-translationally directs 
transfer of the protein. The polypeptide may also be conjugated to a linker or other 
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sequence for ease of s\'nthesis, purification or idenlification of the poly peptide (e.g., poly- 
His), or to enhance binding of the polypeptide to a solid support. For example, a 
pol\peptide ma\' be conjugated to an immunoglobulin Fc region. 

When comparing polypeptide sequences, two sequences are said to be 
5 "identical" if the sequence of amino acids in the two sequences is the same when aligned 
for maximum correspondence, as described below . Comparisons betw een two sequences 
are typically pcrfomied by comparing the sequences o\'er a comparison window to identify 
and compare local regions of sequence similarity. A "comparison window" as used herein, 
refers to a segment of at least about 20 contiguous positions, usually 30 to about 75, 40 to 

10 about 50, in which a sequence may be compared to a reference sequence of the same 
number of contiguous positions after the two sequences are optimally aligned. 

Optimal alignment of sequences for comparison may be conducted using the 
Megalign program in the Lasergene suite of bioinfomiatics software (DNASTAR, Inc., 
Madison, WI), using default parameters. This program embodies several alignment 

15 schemes described in the following references: Dayhoff, M.O. (1978) A model of 
evolutionary change in proteins - Matrices for detecting distant relationships. In Dayhoff, 
M.O. (ed.) Atlas of Protein Sequence and Structure, National Biomedical Research 
Foundation, Washington DC Vol. 5, Suppl. 3, pp. 345-358; Hein J. (1990) Unified 
Approach to Alignment and Phylogenes pp. 626-645 Methods in Enzymology vol. 183, 

20 Academic Press, Inc., San Diego, CA; Higgins, D.G. and Sharp, P.M. (1989) CABIOS 
5:151-153; Myers, E.W. and Muller W. (1988) CABIOS 4:\\-\7\ Robinson, E.D, (1971) 
Comh. Theor //:105; Santou, N. Nes, M. (1987) Mol Biol. EvoL ^:406-425; Sneath, 
P.H.A. and Sokal, R.R. (1973) Numerical Taxonomy - the Principles and Practice of 
Numerical Taxonomy. Freeman Press, San Francisco, CA; Wilbur, W.J. and Lipman, D.J. 

25 (1983) Proc, Natl. Acad., Sci. USA 80:126-130. 

Alternatively, optimal alignment of sequences for comparison may be 
conducted by the local identity algorithm of Smith and Watemian (1981) Add. APT. Math 
2:482, by the identity alignment algorithm of Needleman and Wunsch (1970) J. Mol. Biol. 
48:443, by the search for similarity methods of Pearson and Lipman (1988) Proc. Natl. 
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Acad. Sci. i SA 85: 2444. b\' computeri/ed iniplementalions of these algorithms (GAP, 
BESTFIT. BLAST. PASTA, and TFASTA in the Wisconsni Genetics Software Package, 
Genetics Computer Group (GCG). 575 Science Dr., Madison, W'l ). or b\- inspection. 

One preferred example of algorithms that are suitable for determining 
5 percent sequence identity and sequence similarity are the BLAST and BLAST 2.0 
algorithms, which are described in Altschul et al. (1977) .V;/r/. Acids Res. 25:3389-3402 
and Altschul ct al. (1990) J. Mol. BioL 215:403-410, respectively. BLAST and BLAST 2.0 
can be used, for example with the parameters described herein, to determine percent 
sequence identity for the polynucleotides and polypeptides of the in\-ention. Software for 

10 perfomiing BLAST analyses is publicly available through the National Center for 
Biotechnology Infomiation. For amino acid sequences, a scoring matrix can be used to 
calculate the cumulative score. Extension of the word hits in each direction are halted 
when: the cumulati\'e alignment score falls off by the quantity X from its maximum 
achieved value; the cumulative score goes to zero or below, due to the accumulation of one 

15 or more negative-scoring residue alignments; or the end of either sequence is reached. The 
BLAST algorithm parameters W, T and X determine the sensitivity and speed of the 
alignment. 

In one preferred approach, the "percentage of sequence identity'' is 
detemiined by comparing two optimally aligned sequences over a window of comparison 

20 of at least 20 positions, w herein the portion of the polypeptide sequence in the comparison 
window^ may comprise additions or deletions {i.e., gaps) of 20 percent or less, usually 5 to 
15 percent, or 10 to 12 percent, as compared to the reference sequences (which does not 
comprise additions or deletions) for optimal alignment of the two sequences. The 
percentage is calculated by determining the number of positions at which the identical 

25 amino acid residue occurs in both sequences to yield the number of matched positions, 
dividing the number of matched positions by the total number of positions in the reference 
sequence (i.e., the window size) and multiplying the results by 100 to yield the percentage 
of sequence identity. 
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Within other illustrat!\e embodiments, a polypeptide may be a fusion 
pohpeptide that comprises muUiple polypeptides as described herein, or that comprises at 
least one pohpeptide as described herein and an unrelated sequence, such as a known 
tumor protem. A t\ision partner may. for example, assist in providing T helper epitopes (an 
5 immunological fusion partner). preferabK' T helper epitopes recognized by humans, or may 
assist in expressing the protein (an expression enhancer) at higher yields than the nati\'e 
recombinant protein. Certain preferred fusion partners are both immunological and 
expression enhancing fusion partners. Other fusion partners may be selected so as to 
increase the solubility of the polypeptide or to enable the polypeptide to be targeted to 

10 desired intracellular compartments. Still further fusion partners include affinity tags, which 
facilitate purification of the polypeptide. 

Fusion polypeptides may generally be prepared using standard techniques, 
including chemical conjugation. Preferably, a fusion polypeptide is expressed as a 
recombinant polypeptide, allowing the production of increased levels, relative to a non- 

15 fused polypeptide, in an expression system. Briefly, DNA sequences encoding the 
polypeptide components may be assembled separately, and ligated into an appropriate 
expression vector. The 3' end of the DNA sequence encoding one polypeptide component 
is ligated, with or without a peptide linker, to the 5' end of a DNA sequence encoding the 
second polypeptide component so that the reading frames of the sequences are in phase. 

20 This permits translation into a single fusion polypeptide that retains the biological activity 
of both component polypeptides. 

A peptide linker sequence may be employed to separate the first and second 
polypeptide components by a distance sufficient to ensure that each polypeptide folds into 
its secondary and tertiary structures. Such a peptide linker sequence is incorporated into 

25 the fusion polypeptide using standard techniques well known in the art. Suitable peptide 
linker sequences may be chosen based on the following factors: ( 1 ) their ability to adopt a 
flexible extended confonnation; (2) their inability to adopt a secondary structure that could 
interact with functional epitopes on the first and second polypeptides; and (3) the lack of 
hydrophobic or charged residues that might react with the polypeptide functional epitopes. 
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Preferred peptide linker sequences contain Gl\. Asn and Ser residues. Other near neutral 
amino acids, such as Tlir and Ala ma\' also be used in the linker sequence. Amino acid 
sequences which ma\' be usefull>' emplo\ed as linkers include those disclosed in Maraiea 
etal., (rcnc 19S5: Murphy et al., Froc. XaiL Acad. Sc i. i SA cl^8258-8262, 

S 1986; L'.S. Patent No. 4.935,233 and U.S. Patent No. 4,751,180. The linker sequence may 
generalK' be from 1 to about 50 amino acids in length. Linker sequences are not required 
when the first and second polypeptides have non-essential N-temiinal amino acid regions 
that can be used to separate the functional domains and prevent steric interference. 

The ligated DNA sequences are operably linked to suitable transcriptional or 

10 translational regulatory elements. The regulatory elements responsible for expression of 
DNA are located only 5' to the DNA sequence encoding the first polypeptides. Similarly, 
stop codons required to end translation and transcription temiination signals are only 
present 3' to the DNA sequence encoding the second polypeptide. 

The fusion polypeptide can comprise a polypeptide as described herein 

15 together with an unrelated immunogenic protein, such as an immunogenic protein capable 
of eliciting a recall response. Examples of such proteins include tetanus, tuberculosis and 
hepatitis proteins {see. for example, Stoute et al. yV^u' Engl. J. Med., 336:S6-9\, 1997). 

In one preferred embodiment, the immunological fusion partner is derived 
from a Mycobacterium sp., such as a Mycobacterium tuberculosis-derived Ral2 fragment. 

20 Ral2 compositions and methods for their use in enhancing the expression and/or 
immunogenicity of heterologous polynucleotide/polypeptide sequences is described in U.S. 
Patent Application 60/158,585, the disclosure of which is incorporated herein by reference 
in its entirety. Briefly, Ral2 refers to a polynucleotide region that is a subsequence of a 
Mycobacterium tuberculosis MTB32A nucleic acid. MTB32A is a serine protease of 32 

25 KD molecular weight encoded by a gene in virulent and avirulent strains of M. 
tuberculosis. The nucleotide sequence and amino acid sequence of MTB32A have been 
described (for example, U.S. Patent Application 60/158,585; see also, Skeiky et cd.. 
Infection and Immun. (1999) 67:3998-4007, incorporated herein by reference). C-terminal 
fragments of the MTB32A coding sequence express at high levels and remain as a soluble 
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pol>pcplidcs throughout the purification process. Moreo\er. Ral2 ma\" enhance the 
immunogenicitN' of heterologous ininuinogenic polypeptides w ith w hich it is fused. One 
preferred Ral2 fusion polypeptide comprises a 14 KD C-tenninal fragment corresponding 
to amino acid residues 192 to 323 of MTB32A. Other preferred Ral2 polynucleotides 
5 generalK' comprise at least ahout 15 consecutixe nucleotides, at least ahout 30 nucleotides, 
at least about 60 nucleotides, at least about 100 nucleotides, at least about 200 nucleotides, 
or at least about 300 nucleotides that encode a portion of a Ral2 polypeptide. Ral2 
polynucleotides may comprise a natixe sequence (i.e., an endogenous sequence that 
encodes a Ral2 polypeptide or a portion ihereoO or may comprise a x ariant of such a 

10 sequence. Ral2 polynucleotide variants may contain one or more substitutions, additions, 
deletions and/or insertions such that the biological activity of the encoded fusion 
polypeptide is not substantially diminished, relative to a fusion polypeptide comprising a 
native Ral2 polypeptide. Variants preferably exhibit at least about 70% identity, more 
preferably at least about 80% identity and most preferably at least about 90% identity to a 

1 5 polynucleotide sequence that encodes a native Ral2 polypeptide or a portion thereof. 

Within other preferred embodiments, an immunological fusion partner is 
derived from protein D, a surface protein of the gram-negative bacterium Haemophilus 
influenza B (WO 91/18926). Preferably, a protein D derivative comprises approximately 
the first third of the protein (e.g., the first N-terminal 100-1 10 amino acids), and a protein D 

20 derivative may be lipidated. Within certain preferred embodiments, the first 109 residues 
of a Lipoprotein D fusion partner is included on the N-terminus to provide the polypeptide 
with additional exogenous T-cell epitopes and to increase the expression level in E. coli 
(thus functioning as an expression enhancer). The lipid tail ensures optimal presentation of 
the antigen to antigen presenting cells. Other fusion partners include the non-structural 

25 protein from influenzae \'irus, NSl (hemaglutinin). Typically, the N-terminal 81 amino 
acids are used, although different fragments that include T-helper epitopes may be used. 

In another embodiment, the immunological fusion partner is the protein 
known as LYTA. or a portion thereof (preferably a C-temiinal portion). LYTA is derived 
from SO'cptococcus pneumoniae, which synthesizes an N-acetyl-L-alanine amidase known 
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as amidasc L^'TA (encoded by the LylA gene: dene 4Ji:2()5-2')2, 1986). L'iTA is an 
aiitol\'sin thai speeificallN degrades certain bonds in the peptidogl>'can backbone. The C- 
terniuial domain of the L^'TA protem is responsible tor the affinitN' to the chohne or to 
some chohne analogues such as DEAE. This property has been exploited for the 
5 de\'elopment of /T. eoli C-L^TA expressing plasmids useful for expression of fusion 
proteins. Purification of hybrid proteins containing the C-L^TA fragment at the amino 
tenninus has been described (see Bioteehnology lO'.l^^-l^'^^ 1992). Within a preferred 
embodiment, a repeat portion of L^TA may be incorporated into a fusion polypeptide. A 
repeat portion is found in the C-terminal region starling at residue 178. A particularly 

10 prefeired repeat portion incorj^orates residues 188-305. 

"^'et another illustrati\'e embodiment in\ol\es fusion polypeptides, and the 
polynucleotides encoding them, wherein the fusion partner comprises a targeting signal 
capable of directing a polypeptide to the endosomal' lysosomal compartment, as described 
in U.S. Patent No. 5,633,234. An immunogenic polypeptide of the invention, when fused 

15 w ith this targeting signal, w ill associate more efficiently with MHC class II molecules and 
thereby provide enhanced in \'ivo stimulation of CD4 T-cells specific for the polypeptide. 

Polypeptides of the in\'ention are prepared using any of a variety of well 
known synthetic and/or recombinant techniques, the latter of which are further described 
below. Polypeptides, portions and other variants generally less than about 150 amino acids 

20 can be generated by synthetic means, using techniques well know n to those of ordinary 
skill in the art. In one illustrative example, such polypeptides are synthesized using any of 
the commercially available solid-phase techniques, such as the Merrifield solid-phase 
synthesis method, where amino acids are sequentially added to a growing amino acid chain. 
See Merrifield, J. Am. Cliem. Soe. fV5:2 149-2 146, 1963. Equipment for automated 

25 synthesis of polypeptides is commercially a\'ailable from suppliers such as Perkin 
Elmer/Applied BioSystems Di\ision (Foster City, CA), and may be operated according to 
the manufacturer's instructions. 

In general, polypeptide compositions (including fusion polypeptides) of the 
in\ ention are isolated. An "isolated" polypeptide is one that is removed from its original 
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en\ ironment. For example, a naturall> -occumng protein or poly peptide is isolated if it is 
separated from some or all of the coexisting materials in the natural s\ stem. Preferably, 
such polypeptides are also purified, e.g.. are at least about 9ifo pure, more preferabK' at 
least about 95*' o pure and most preferably at least about 99*^* o pure. 

3 Poh'nucleotide Compositions 

The present in\ention, in other aspects, pro\ides polynucleotide 
compositions. The tenns "DNA" and ''polynucleotide" are used essentially 
interchangeably herein to refer to a DNA molecule that has been isolated free of total 
genomic DNA of a particular species. "Isolated," as used herein, means that a 

10 polynucleotide is substantially away from other coding sequences, and that the DNA 
molecule does not contain large portions of unrelated coding DNA, such as large 
chromosomal fragments or other functional genes or polypeptide coding regions. Of 
course, this refers to the DNA molecule as originally isolated, and does not exclude genes 
or coding regions later added to the segment by the hand of man. 

15 As will be understood by those skilled in the art, the polynucleotide 

compositions of this invention can include genomic sequences, extra-genomic and plasmid- 
encoded sequences and smaller engineered gene segments that express, or may be adapted 
to express, proteins, polypeptides, peptides and the like. Such segments may be naturally 
isolated, or modified synthetically by the hand of man. 

20 As will be also recognized by the skilled artisan, polynucleotides of the 

invention may be single-stranded (coding or antisense) or double-stranded, and may be 
DNA (genomic, cDNA or synthetic) or RNA molecules. RNA molecules may include 
HnRNA molecules, which contain introns and correspond to a DNA molecule in a one-to- 
one manner, and mRNA molecules, which do not contain introns. Additional coding or 

25 non-coding sequences may, but need not, be present within a polynucleotide of the present 
in\'ention, and a polynucleotide may, but need not, be linked to other molecules and/or 
support materials. 
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PoKnuclcolidcs ma>' comprise a nati\e sequence {i.e., an endogenous 
sequence that encodes a pol>'peptide protein of the in\ ention or a portion thereoO or may 
comprise a sequence that encodes a \ariant or deri\ati\'e, prelerabl) and immunogenic 
\ ariant or deri\'ati\ e. of such a sequence. 
5 Therefore, according to another aspect of the present inxention, 

polynucleotide compositions are pro\'ided that comprise some or all of a polynucleotide 
sequence set forth in any one of SEQ ID NOs; 1, 3-86, 142-298, 301-303, 307, 313, 314, 
316, 317 and 325, complements of a polynucleotide sequence set forth in any one of SEQ 
ID NOs: 1, 3-86, 142-298, 301-303, 307, 313, 314, 316, 317 and 325, and degenerate 
10 x ariants of a polynucleotide sequence set forth in any one of SEQ ID NOs: K 3-86, 142- 
298, 301-303, 307, 313, 314, 316, 317 and 325. In certain preferred embodiments, the 
polynucleotide sequences set forth herein encode immunogenic polypeptides, as described 
above. 

In other related embodiments, the present invention provides polynucleotide 
15 variants having substantial identity to the sequences disclosed herein in SEQ ID NOs: 1, 3- 
86, 142-298, 301-303, 307, 313, 314, 316, 317 and 325, for example those comprising at 
least 70% sequence identity, preferably at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 
98%, or 99% or higher, sequence identity compared to a polynucleotide sequence of this 
invention using the methods described herein, (e.g., BLAST analysis using standard 
20 parameters, as described below). One skilled in this art will recognize that these values can 
be appropriately adjusted to determine corresponding identity of proteins encoded by two 
nucleotide sequences by taking into account codon degeneracy, amino acid similarity, 
reading frame positioning and the like. 

Typically, polynucleotide variants will contain one or more substitutions, 
25 additions, deletions and/or insertions, preferably such that the immunogenicity of the 
polypeptide encoded by the variant polynucleotide is not substantially diminished relative 
to a polypeptide encoded by a polynucleotide sequence specifically set forth herein). The 
temi "\'ariants" should also be understood to encompasses homologous genes of xenogenic 
origin. 
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In additional embodiments, the present in\ention panides polynucleotide 
fragments comprising \ arious lengths of contiguous stretches of sequence identical to or 
complementary to one or more of the sequences disclosed herein. For example, 
polynucleotides are proMded by this nn ention that comprise at least about 10, 15, 20, 30, 
5 40. 50, 75, 100, 150, 200, 300, 400, 500 or 1000 or more contiguous nucleotides of one or 
more of the sequences disclosed herein as w ell as all intemiediate lengths there between. It 
will be readily understood that "intennediate lengths", in this context, means any length 
between the quoted values, such as 16, 17, 18, 19, etc.: 21, 22, 23, etc.: 30, 31, 32, elc.\ 50, 
51, 52, 53, cic: 100, 101, 102, 103, etc.: 150, 151, 152, 153, etc.; including all integers 

1 0 through 200-500; 500- 1 ,000, and the like. 

In another embodiment of the inx ention, polynucleotide compositions are 
pro\ ided that are capable of hybridizing under moderate to high stringency conditions to a 
polynucleotide sequence provided herein, or a fragment thereof, or a complementary 
sequence thereof. Hybridization techniques are w ell know n in the an of molecular biology. 

15 For purposes of illustration, suitable moderately stringent conditions for testing the 
hybridization of a polynucleotide of this invention with other polynucleotides include 
prewashing in a solution of 5 X SSC, 0.5% SDS, 1.0 mM EDTA (pH 8.0); hybridizing at 
50T-60T, 5 X SSC, overnight; followed by washing twice at 65T for 20 minutes with 
each of 2X, 0.5X and 0.2X SSC containing 0.1% SDS. One skilled in the art will 

20 understand that the stringency of hybridization can be readily manipulated, such as by 
altering the salt content of the hybridization solution and/or the temperature at which the 
hybridization is perfomied. For example, in another embodiment, suitable highly stringent 
hybridization conditions include those described above, with the exception that the 
temperature of hybridization is increased, e.g.^ to 60-65'^ or 65-70"C. 

25 In certain preferred embodiments, the polynucleotides described above, e.g., 

polynucleotide variants, fragments and hybridizing sequences, encode polypeptides that are 
immunologically cross-reactive with a polypeptide sequence specifically set forth herein. 
In other preferred embodiments, such polynucleotides encode polypeptides that have a 
le\ el of immunogenic activity of at least about 50%, preferably at least about 70%), and 
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niorc prctcrabK' al least about of that for a poK peptide sequence specifically set forth 
herein. 

The pol\nucleotides of the present in\'ention, or fragments thereof, 
regardless of the length of the coding sequence itself, may be combined w ith other DNA 
5 sequences, such as promoters, polyaden>iation signals, additional restriction enzyme sites, 
multiple cloning sites, other coding segments, and the like, such that their o\'erall length 
ma\' \'ary considerabh'. It is therefore contemplated that a nucleic acid fragment of almost 
any length may be employed, with the total length preferably being limited by the ease of 
preparation and use in the intended recombinant DNA protocol. For example, illustrative 

10 polynucleotide segments with total lengths of about 10,000, about 5000, about 3000, about 
2,000, about 1,000, about 500, about 200, about 100, about 50 base pairs in length, and the 
like, (including all intemiediate lengths) are contemplated to be useful in many 
implementations of this invention. 

When comparing polynucleotide sequences, two sequences are said to be 

15 'Identicar' if the sequence of nucleotides in the two sequences is the same w^hen aligned for 
maximum correspondence, as described below. Comparisons between two sequences are 
typically performed by comparing the sequences over a comparison window to identify and 
compare local regions of sequence similarity. A "comparison window" as used herein, 
refers to a segment of at least about 20 contiguous positions, usually 30 to about 75, 40 to 

20 about 50, in which a sequence may be compared to a reference sequence of the same 
number of contiguous positions after the two sequences are optimally aligned. 

Optimal alignment of sequences for comparison may be conducted using the 
Megalign program in the Lasergene suite of bioinfomiatics software (DNASTAR, Inc., 
Madison, Wl), using default parameters. This program embodies several alignment 

25 schemes described in the following references: Dayhoff, M.O. (1978) A model of 
evolutionary change in proteins - Matrices for detecting distant relationships. In Dayhoff, 
M.O. (ed.) Atlas of Protein Sequence and Structure, National Biomedical Research 
Foundation, Washington DC Vol. 5, Suppl. 3, pp. 345-358; Hein J. (1990) Unified 
Approach to Alignment and Phylogenes pp. 626-645 Methods in Enzymology^ vol. 183, 
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Academic Press. Inc., San Diego. CA: Higgins. D.G and Shaqx P.M. (1^)89) CABIOS 
.V151-153: \l\ers. HAW and Miiller W. (1988) CABIOS 7:11-17; Robinson, E.D. (1971) 
Conih. Thcor //:l()v Santou. N. Nes. M. (1987) Mol. Biol. EroL 7:406-425: Sneath. 
P.H.A. and Sokal. R.R. (1973) Sufucncal Taxoiio}}}} - ihc Principles and Practice of 
5 \umcrical Taxonomw Freeman Press. San Francisco. CA; Wilbur, W'.J. and Lipman, D.J. 
(1983) Proc. \atl. Acad., Set. ISA 80:726-130. 

Alternati\el\', optimal alignment of sequences for comparison may be 
conducted by the local identity' algorithm of Smith and W'atemian (1981 ) Add. APL. Math 
2:482, by the identity alignment algorithm of Needleman and W'unsch (1970) J. Mol. Biol. 

10 48:443, by the search for similarity methods of Pearson and Lipman (1988) Proc, Natl. 
Acad. Sci. L'SA 85: 2444, by computerized implementations of these algorithms (GAP, 
BESTFIT, BLAST, FASTA, and TFASTA in the Wisconsin Genetics Software Package, 
Genetics Computer Group (GCG), 575 Science Dr., Madison, Wl), or by inspection. 

One preferred example of algorithms that are suitable for determining 

15 percent sequence identity and sequence similarity are the BLAST and BLAST 2.0 
algorithms, which are described in Altschul et al. (1977) Nucl. Acids Res. 25:3389-3402 
and Altschul et al. (1990)./. MoL Biol. 215:403-410, respectively. BLAST and BLAST 2.0 
can be used, for example with the parameters described herein, to detemiine percent 
sequence identity for the polynucleotides of the inx'ention. Software for performing 

20 BLAST analyses is publicly available through the National Center for Biotechnology 
Information. In one illustrative example, cumulative scores can be calculated using, for 
nucleotide sequences, the parameters M (reward score for a pair of matching residues; 
always >0) and N (penalty score for mismatching residues; always <0), Extension of the 
word hits in each direction are halted when: the cumulative alignment score falls off by the 

25 quantity X from its maximum achie\'ed value; the cumulative score goes to zero or below, 
due to the accumulation of one or more negati\ e-scoring residue alignments; or the end of 
either sequence is reached. The BLAST algorithm parameters W, T and X determine the 
sensiti\ it\' and speed of the alignment. The BLASTN program (for nucleotide sequences) 
uses as defaults a wordlength (\\^) of 1 1. and expectation (E) of 10. and the BLOSUM62 
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scoring matrix (see Henikoffand Henikoff ( 19S9) Proc. Sati Acad. Sci. I SA 89:10915) 
alignments, (B) of 50. expectation (E) of 10, M=5. N=-4 and a comparison of both strands. 

Preferabl\, the '^percentage of sequence identitx" is delemiined by 
comparing two optimal!}' aligned sequences o\ er a window of comparison of at least 20 
5 positions, w herein the portion of the pohnucleotide sequence in the comparison w indow- 
ma}' comprise additions or deletions {lc, gaps) of 20 percent or less, usually 5 to 15 
percent, or 10 to 12 percent, as compared to the reference sequences (which does not 
comprise additions or deletions) for optimal alignment of the two sequences. The 
percentage is calculated by detemiining the number of positions at which the identical 

10 nucleic acid bases occurs in both sequences to yield the number of matched positions, 
dividing the number of matched positions by the total number of positions in the reference 
sequence {i.e., the window size) and muUiplying the results by 100 to yield the percentage 
of sequence identity. 

It will be appreciated by those of ordinary skill in the art that, as a result of 

15 the degeneracy of the genetic code, there are many nucleotide sequences that encode a 
polypeptide as described herein. Some of these polynucleotides bear minimal homology to 
the nucleotide sequence of any native gene. Nonetheless, polynucleotides that vary due to 
differences in codon usage are specifically contemplated by the present invention. Further, 
alleles of the genes comprising the polynucleotide sequences provided herein are within the 

20 scope of the present invention. Alleles are endogenous genes that are altered as a result of 
one or more mutations, such as deletions, additions and/or substitutions of nucleotides. 
The resulting mRNA and protein may, but need not, have an altered structure or function. 
Alleles may be identified using standard techniques (such as hybridization, amplification 
and/or database sequence comparison). 

25 Therefore, in another embodiment of the invention, a mutagenesis approach, 

such as site-specific mutagenesis, is employed for the preparation of immunogenic variants 
and/or deri\'ati\'es of the polypeptides described herein. By this approach, specific 
modifications in a polypeptide sequence can be made through mutagenesis of the 
underlying polynucleotides that encode them. These techniques pro\'ides a straightforward 
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approach to prepare and test sequence \ ariants. for example, incorj^oraling one or more of 
the foregoing considerations. b\' introducing one or more nucleotide sequence changes into 
the polynucleotide. 

Site-specific mutagenesis allows the production of mutants through the use 
5 of specific oligonucleotide sequences which encode the DNA sequence of the desired 
mutation, as well as a sufficient number of adjacent nucleotides, to pro\ide a primer 
sequence of sufficient size and sequence complexity to fomi a stable duplex on both sides 
of the deletion junction being traxersed. Mutations may be employed in a selected 
polynucleotide sequence to impro\e, alter, decrease, modify, or otherwise change the 

10 properties of the polynucleotide itself and or alter the properties, activity, composition, 
stability, or primary sequence of the encoded polypeptide. 

In certain embodiments of the present inx ention, the in\ entors contemplate 
the mutagenesis of the disclosed polynucleotide sequences to alter one or more properties 
of the encoded polypeptide, such as the immunogenicity of a polypeptide vaccine. The 

15 techniques of site-specific mutagenesis are well-know^n in the art, and are widely used to 
create variants of both polypeptides and polynucleotides. For example, site-specific 
mutagenesis is often used to alter a specific portion of a DNA molecule. In such 
embodiments, a primer comprising typically about 14 to about 25 nucleotides or so in 
length is employed, with about 5 to about 10 residues on both sides of the junction of the 

20 sequence being altered. 

As w ill be appreciated by those of skill in the art, site-specific mutagenesis 
techniques have often employed a phage vector that exists in both a single stranded and 
double stranded form. Typical vectors useful in site-directed mutagenesis include vectors 
such as the Ml 3 phage. These phage are readily commercially-available and their use is 

25 generally well-known to those skilled in the art. Double-stranded plasmids are also 
routinely employed in site directed mutagenesis that eliminates the step of transferring the 
gene of interest from a plasmid to a phage. 

In general, site-directed mutagenesis in accordance herewith is performed by 
first obtaining a single-stranded vector or melting apart of two strands of a double-stranded 
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vector thai includes w ilhin its sequence a DNA sequence that encodes the desired peptide. 
An ohwnucleotidc primer bearing the desired mutated sequence is prepared, generally 
synthetically. This primer is then annealed with the single-stranded vector, and subjected 
to DNA pohmen/ing en/xmes such as E. coli polymerase 1 Klenow fragment, in order to 
5 complete the s\'nthesis of the mutation-bearing strand. Thus, a heteroduplex is fomied 
wherein one strand encodes the original non-mutated sequence and the second strand bears 
the desired mutation. This heteroduplex vector is then used to transfomi appropriate cells, 
such as £. coli cells, and clones are selected which include recombinant vectors bearing the 
mutated sequence arrangement. 
10 The preparation of sequence variants of the selected peptide-encoding DNA 

segments using site-directed mutagenesis provides a means of producing potentially useful 
species and is not meant to be limiting as there are other w ays in which sequence variants 
of peptides and the DNA sequences encoding them may be obtained. For example, 
recombinant vectors encoding the desired peptide sequence may be treated with mutagenic 
15 agents, such as hydroxylamine, to obtain sequence variants. Specific details regarding 
these methods and protocols are found in the teachings of Maloy et ciL, 1994; Segal, 1976; 
Prokop and Bajpai, 1991; Kuby, 1994; and Maniatis et ai, 1982, each incorporated herein 
by reference, for that purpose. 

As used herein, the tenn ^^oligonucleotide directed mutagenesis procedure" 
20 refers to template-dependent processes and vector-mediated propagation which result in an 
increase in the concentration of a specific nucleic acid molecule relative to its initial 
concentration, or in an increase in the concentration of a detectable signal, such as 
amplification. As used herein, the term ^^oligonucleotide directed mutagenesis procedure" 
is intended to refer to a process that involves the template-dependent extension of a primer 
25 molecule. The tenn template dependent process refers to nucleic acid synthesis of an RNA 
or a DNA molecule wherein the sequence of the newly synthesized strand of nucleic acid is 
dictated by the well-known rules of complementary base pairing (see, for example, Watson, 
1987). Typically, vector mediated methodologies involve the introduction of the nucleic 
acid fragment into a DNA or RNA vector, the clonal amplification of the vector, and the 
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rcco\er\ of the amplified nucleic acid fragment. Examples of such methodologies are 
pro\ ided b\ L'. S. Patent No. 4,237,224. specifically incorporated herein by reference in its 
enliretv . 

In another approach for the production of polypeptide variants of the present 
5 nnention. recursne sequence recombination, as described in U.S. Patent No. 5,837,458, 
may be employed. In this approach, iterative cycles of recombination and screening or 
selection are perfomicd to "evolve^^ individual polynucleotide variants of the invention 
ha\ ing. for example, enhanced immunogenic acti\'itv. 

In other embodiments of the present inx ention, the polynucleotide sequences 
10 pro\'ided herein can be ad\antageously used as probes or primers for nucleic acid 
hybridization. As such, it is contemplated that nucleic acid segments that comprise a 
sequence region of at least about 15 nucleotide long contiguous sequence that has the same 
sequence as, or is complementary to, a 15 nucleotide long contiguous sequence disclosed 
herein will find particular utility. Longer contiguous identical or complementary 
15 sequences, e.g., those of about 20, 30, 40, 50, 100, 200, 500, 1000 (including all 
intermediate lengths) and even up to full length sequences will also be of use in certain 
embodiments. 

The ability of such nucleic acid probes to specifically hybridize to a 
sequence of interest wqll enable them to be of use in detecting the presence of 

20 complementary sequences in a given sample. However, other uses are also envisioned, 
such as the use of the sequence information for the preparation of mutant species primers, 
or primers for use in preparing other genetic constructions. 

Polynucleotide molecules having sequence regions consisting of contiguous 
nucleotide stretches of 10-14, 15-20, 30, 50, or even of 100-200 nucleotides or so 

25 (including intennediate lengths as well), identical or complementary to a polynucleotide 
sequence disclosed herein, are particularly contemplated as hybridization probes for use in, 
e.g.. Southern and Northern blotting. This would allow a gene product, or fragment 
thereof, to be analyzed, both in diverse cell types and also in various bacterial cells. The 
total size of fragment, as well as the size of the complementary' stretch(es), will ultimately 
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depend on the nilended use or application of the particular nucleic acid segment. Smaller 
trauments w ill generally find use in h\'bridization embodiments, wherein the length of the 
contiguous complementar\' region may be varied, such as between about 15 and about 100 
nucleotides, but larger contiguous complementarity stretches may be used, according to the 
5 length complementary sequences one wishes to detect. 

The use of a hybridization probe of about 15-25 nucleotides in length allows 
the fomiation of a duplex molecule that is both stable and selective. Molecules having 
contiguous complementary sequences o\er stretches greater than 15 bases in length are 
generally preferred, though, in order to increase stability and selectivity of the hybrid, and 
10 thereby impro\'e the quality and degree of specific hybrid molecules obtained. One will 
generally prefer to design nucleic acid molecules ha\ ing gene-complementar\^ stretches of 
1 5 to 25 contiguous nucleotides, or even longer w here desired. 

Hybridization probes may be selected from any portion of any of the 
sequences disclosed herein. All that is required is to review^ the sequences set forth herein, 
15 or to any continuous portion of the sequences, from about 1 5-25 nucleotides in length up to 
and including the full length sequence, that one wishes to utilize as a probe or primer. The 
choice of probe and primer sequences may be governed by various factors. For example, 
one may wish to employ primers from towards the termini of the total sequence. 

Small polynucleotide segments or fragments may be readily prepared by, for 
20 example, directly synthesizing the fragment by chemical means, as is commonly practiced 
using an automated oligonucleotide synthesizer. Also, fragments may be obtained by 
application of nucleic acid reproduction technology, such as the PCR™ technology of U. S. 
Patent 4,683,202 (incoiporated herein by reference), by introducing selected sequences into 
recombinant vectors for recombinant production, and by other recombinant DNA 
25 techniques generally known to those of skill in the art of molecular biology. 

The nucleotide sequences of the invention may be used for their ability to 
selectively form duplex molecules with complementary stretches of the entire gene or gene 
fragments of interest. Depending on the application envisioned, one will typically desire to 
employ \'ar\'ing conditions of hybridization to achie\e var\ang degrees of selectivity of 
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probe ,ou.rds ,argc, sequence. For appl,ea„o„s rec,.n„, l^eh seleemi.y. one .,11 
rvp.callv des.re to en.ploy rclauvcly stringen, condilions ,o ton,, .l,e hvbrias. ,■„... one 
selee. rcla.i,elv lou sal, and or hrd, .enrpera.nrc eond.uons, snci, as provided by a sal. 
co„een.ra.,on of Iron, aboa, uo: M .0 about t,.l5 M salt a, ,en,pcratures of from abou, 
Mrc to about 7,."C. Such selective eond.tions tolerate IHtle. if any. t„ismatch betw een the 
probe and the .en,pla,e or targe, strand, and »„.dd be par„cularly suitable for .solattng 
related sequences. 

Of course, for some applieat.ons, for exan.ple. where one des.res .0 prepare 
nu,.a„.s emploving a mutant pr.mer strand hybrid.zed to an underly.ng .empla.e. less 
s,rin»cm (reduced stringency) hybridiza,io„ condit.ons will .ypically be needed ,n order .0 
allow f„m,a,ion of .he he.eroduplex. In .hese cireums,ances. one may desire .0 employ sal. 
conditions such as .hose of from abou. 0.15 M ,0 abou, 0.9 M sal., a, ,cmpera,ures rangtng 
from abou. 20T .0 abou. 55=C. Cross-hybridizing species can .hereby be readtly 
ideniilled as posi.tvely hybridizing signals with respect .0 con.rol hybndiza.ions. In any 
case i, ,s generally appreciaied .ha. condi.,ons can be rendered more s.ringen, by .he 
add,.,on of ntcreasing amoun.s of fonnamide, wh.ch serves .0 des.ab.lize .he hybrid duplex 
in .he same manner as increased iempera.ure. Thus, hybridization condinons can be 
readily manipula.ed. and .hns will generally be a me.hod of choice depending on .he 
desired results. 

According .0 another embodimen. of .he presem invention, polynucleo.ide 
composi.,o„s comprising an.isense oligonucleotides are provided. Amisense 
„,ioon„cleo.ides have been demons.ra.ed .0 be effecive and iarge.ed inhibi.ors of pro.e.n 
sy,r.hesis. and. consequen.ly. provide a .herapeu.ic approach by which a disease can be 
,rea.ed bv ,nh,b„ing .he syn.hesis of pro.ems .ha. con.ribu.e .0 .he disease. The effteaey of 
; antisense ol,«onucleo.,des for inhibi.tng pro.e.n syn.hes.s is well es.abhshed. For example, 
.he svn.hesis of polvgalae.auronase and ,he muscarine .ype 2 ace.ylcholine receptor are 
inb.bi.ed bv an.isense oligonucleotides d.rected to their respecttve mRNA sequences (U. S. 
Patent 5 719.119 and U. S. Paten, 5.759.829). Further, examples of an.isense inh,b,.ion 
|,„ve been demonsha.ed w i.h .he nuclear pro.ein cyel.n. .he mul.iple drug resistance gene 
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(MDGll ir^M-1. E-sclcc„n. STK-1 . s,rum,l GABA , rcccp.or .nd human EOF ,Jask>,lsk, 
,, Sconce l')SS Ju„ l(,.24n,4858):1544-6: \ asan.hakumar anj Ahmed. Cancer 
Commnn ,.S..:U4,..:25.:0; Pens e, „/., Bran, Res Mo, Bram Res. ,ir,n ,5:57,2,:310. 
„, t S Pa,en, vS.,1,154: US Pa.en, 5.789.573: f. S Pa.en, 5.7,8.70.) and U.S. Paten. 
, ; <„„ .88. Annsensc construes have also been described .ha. n.h.b,. and can be used ,o 
rrea, a varie.y of abnont.al cehular prolifera.ions. e.,. cancer ,t. S. Pa.en, 5.747.470. L. S. 
Pa.cn. 5.591..-.17 a.id U. S. Pale... 5.783.68.1), 

Therefore in cerra.n embod.mcms. .be presen. ,nven..on prov.des 
oh,.„n..c,eo.,de sc,uences .ha. compr.se a„. or a pon.or, of. any sequence .ba. ,s capable of 
,„ ,Jc„-,eal,v b.nd,n.e ,o poK.nucleo.,de se,..ence desenbed herein, or a eomp.cmem .hereo 
,„ one embodrmen.. .he a„.,se„se o,„onue,e„.,des comprise DNA o, denva.ives .hereof 
,„ a.,o.ber embod.men.. .he o,isonucleo..des c„mpr,se RNA or der,va.,ves .hereof. In a 
,h,rd embod.me„., .he ohgonucleo.ides are nrod.f.ed DNAs conrpnsing a 
phospboro.h,oa,ed „)odif,ed backbone. ,n a fourrh embodimen.. .be „hgonuc,eo..de 
, , secuences eompnse pep.ide nuCeic acids or deriva.ives .hereof ,n each case, preferred 
co„,posi,ions comprise a se,.,cnce reg.on .ba, .s complemen.ary. and more preferably 
s„bs,an,ia,lv-complemen,ary. and even more preferably, complc.ely complemen.ary .o one 

or nrore pon.ons of polv Ceobdes d.scloscd herein. Selecon of ant.sense compos.hons 

specfic for a .ven gene sequence is based upon analysts of .he chosen targe, sequence and 
70 detemtination'of secondary structure, T.„ binding energy, and relative stabilt.y. An.tsense 
eonrposittons may be selected based upon tbetr rela.ive inability ,o fon,. dtmers, hatrp.ns. 
or o.ber secondary s,ruc...res .ha. would reduce or prohtbi. specific binding .0 .he .arge. 
„,RNA in a bos. cell. H.ghly prefced target regions of the .),RNA, are .hose wb.ch are at 
or near .be AUG .ransla.ion in..ia.ion codon, and .bose sequences which are subs.an.tally 
,5 co,„plen,en.ar>^ .o 5' regions of .he mRNA. These secondary^ stmcure analyses and large. 
' ..e selecou considerations can be perfo™,ed, for example, us.rtg v,4 of ,he OLIGO prtmer 
analysts software andor .he BLASTN 2.0.5 algori.bm software (Al.schul « «/., Nucle.e 
.Acids Res. IW. 25(17):3389-402) 
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T„e use or anuscsc dc.vcry n,c,„„J c,„plov,n, . s.,o„ pcp-dc vcc.or. 
, MPG rcsKhic.,. ,s a,so co,„c,„p,a,cd. T„c MPG pcpudc con.a.ns a 

•'"7T::r:-:— 

„,ammal,an cells ,n Rss „„,„,u,cleo,ide .0 

„„e,ac.,on xvi.h MPO s.ronsly increases bo.h the 

1 •.h\h\v to cross the plasma membrane. 
,„ ™''"^"-"tc:::: .0 e....e„, or ,.e„„o„. po„,ae 

.1 in ihe design and preparation of nbozyme 

:.™ •■—T'T^zr::::-'::':^ 

,n a s.te-speofic fashion. Ribozymes have specific cata y 

rr: rr^^^^^^^ . ... ... or .... 

,„„ cel.. 1.1 o«..3 P. ::;:rL:: r;..:,.-.. 

.0 5Oi6(3) 585-610; Reinhold-Hurek and Shub, Nature. 

™ cifici. .as .een a.rn.a.ed ,o *e .e,.re™e„. .Ha. .He s.,Hs..a.e H,„d v,a spec, 

,1^0. .» ..e™. — ,.■,0., or .ne ....^.e p„o. .» 

W va„e.,es or „a..al.~. e..,a.,c KNAs a.e .no.. 
. ,.se,..lv EacH ca„ ca.aK.e .He H>*olysis of RNA pHospHod.cs.e. Honds ,„ .an 
■ Cleave o,Her RNA n,olce„.cs. under pHysiolo.ica, condnions. In general, 
: ds a. n.. .... a S.. oc^s .Hr„n.H 

e.Hnrd.n.por.,on„rac„...a.,c,,.cle,eae,d*HisHeldn,e^ 
,:,e p„.on or .He n.olecde .Ha. ac.s .o cleave .He .ar.e. .NA. TH.s, .He e...... 
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t DVA throii^^h complementary base- 
, .cRl first rcco.n./cs and then bnuls a target RN A throu J. c P 
nucleic acio m^i "-^ = ,^,.,n^• tr. mt the tareet RNA. 

.^^.^^^ . . ^ ^^^^^ ^^^^ ^^^^^^^ „^ , 

:::::::: r::..^^^^^^^ 



ne\\- targets. 



nbozvmc IS advantageous over many 
The en/.vmatic nature of a nbozvmc 

a ,„,cle>c acd large, to block ,„gonucleo.ide. Th.s 

,„ ,„„ffcc,aU,c,a,,cu,,c.rc«.,slowcrta„.ha.of..n ..^^e 

„i,,„y specnc ,„h,b«or, . „h .IK peer, y ^^^^^^^ ^^^^^^^^ 

,„,ae sequence, o. Ne.,rospo.a V RNA n,o ^ „,,„,„,,„9-65^ Examples of 
tecnbed by ROSS, <■,<./. Nactac Acds Res. 1992 Se 11, . 

, ft „e described by Hampcl cel. (Eur. Pal. Appl. Publ. No. 
.a,rp,„ n,„. fs ar des„ ,3,„„„«,.3:,., Ha.pcl «»L Nucleic 

25 Hampel and Tnt/., Biochemistry , ,cn An example of the 

AcdsRcs 1990 .ian25;18(2):299-304 and U.S. Patent ^.631.359. An exa 

. „r ,s described by Perrotta and Been, Biochemistry. 1992 Dec 

Cell. 1983 Dec:35(3 Pt 2):849-57-. Neurospora VS RNA nboz> 
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Mar 2.v^^-( n < ' mnloculc of this invention is 

— . .... ,0 .cc,r,c „,o.,. _ ^^^^ 

Ribozvmes m»v be designed as dcser.bed ,n Im. Pa.^ Appl. 

, P K, NO WO W0^595. eaeh speeif.cally incorpora.ed herem 
,0 w2:,56.a„d,m.Pa,.AppLP*I.No.WO94 0- Such 

^ hp tpc;ted in \itro ana ^^^^ 
reference, and syn«,es,.ed .o b es.cd ^^^^^^ p„,i,ed, .hose 

,„ ,„e ar, »,„ reeogn.ze .ha, e<,u,va.en, RNA .arge.s ,n o.her spee.es 

K,ho.yn,e ac.iv.v ean he op.,.ized hy aUering .he ,eng.h of .he r,bozyn,e 

clegrada.,on hy ser honaCeases ,see e . .n PP 

P. .pp,. pah,. .0. WO «... wo 
P„hl. NO. 921 10298.4. U. S. Pa.en. 5.-04,71 1 , - P 
20 .h,eh descnhe vanoas ehen„ea, n,„dinea.,„ns .ha. can he n, o . = 

e„,™.ie RNA n,o,eca,es,. n,od,f,ca.,„ns wh.ch enhance e f ^^^^^^ 

re,uiremen.s. ,^,^,,5,5, j,,„ibes .he 

Sullivan etiil (int. t'ai. Appi. 

r::r::::i.;-^ 

other vehicles, such as hydro.-cls. c. 

,„„adhes,ve n„erosphercs. For son.e n,d,ca.,ons. r.hozynres „,a> 
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„ , „„„ „, .„„om ,1,0 aroK-mcnuoncd vcHclcs^ A„cmaUvcK, 

. .,„c,c co„*,„a„on .av b. ,oca,K ^^^^^ ^^^^^^^^ 

' .c^.o- ,„,„p„„„,«, and or .n.ra.heca, 

: :,,edc,,ve.a,,dad ,s.a„o„ are p.ov,ded 

„ .„ ,„„,.a,e .be nbo— . se.,e,,ees -"J ^^^^^^^^^^^ 

1 /^oi n RNA DO ymerase U (poi n). ui ' ^' - 
polymerase 1 (pol P > ..nressed at hi levels in all cells; the 

■ r nnl II or Dol 111 promoters will be expressed at ni^n 
Transcnpts fro. pol II pol ^ ^^^^ ^^^^ 

,.,,„f3.ve„poinpro.o,er,n e e, ^^^^^^ ^^^^^^^^^^ 

,5 regulatory sequences (cnbancers. s,le cers. ' ^ ^^^^ p„„„,e,ase 

— --:::z:::^i2Z .eb .0.0.= 

I nran™,aba,r cells, Sucb .ra„scrlp„o„ uni.s can be 
sbo.n ° ,„,„„,.„,™,ia„ cells, lnclnd,n,b„. 

^" Zi:::^:Z ..1 vecors ..b as re.ro.ral, senrl. .res. .™s, s.ndb.s 

,„ cnbod^en. of ,be nrvenbon, pep* nncle.c acids ,PNAs, 

,ded PN A Is a DNA minric In .vb.ch ,be nucleobases are anacbed .0 
compositions arc provided, PNA is a u 

^^'^^ f hotter i,i techniques than the corresponding 

ovTA n^'A Often PNA sequences perfomi better in tecnniq 

RNA or DNA. Uiten r. m „, tn RNA or DNA. A review 

,..„rOXAse,uenccsandbavcn,ni.ies.balarenon„ber« R^^^^^^^^ 

„f PN,. including mclbods of making, characensucs of. and nie.bods . 
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; ; ,ocr lu,vlM6) -4-^)). As such, m certain embodiments, one 

ma> prepaa PNA ^-M^'^ decrease, or 

.,n.t such PN\ compositions may be used to rc^ua 

-"■--;:r::r— ^^^^^^^^^ ■■- 

500; Hanvey c, aL Science. ^ consequences: 

,nr,. i.n-^nvS-"'"^^ This chemistry Has inree f 

,„ ,„ con,. -OA P ^^^^^^ ^^^^ ^^^^ ^ 

N 1- .... Boc .n,oc p.o,oco,s r. soM-p.ase 

o.,. — . m.,.. n... 

been used. rnmmerciallv available from 

protocols are straightforNvard usin^ production of 

nn- ^ ^lAVAV 45) The manual protocol lends itselt to tne pro 
MedChem. 1995Apr;-^(4).437 45). r families of closely related 

Hemically modified P.As or the simultaneous synthesis of families 

, • thP success of a particular PNA synthesis will 

,,e„. on .c propenies of.e c.osen se.nencc, P • ^^^^^^ 

any co.«n..io„ of nuCeo,* .ase . P e - _^ 

;r:::::::ca.j.^^^^^^^^^^^^^ 

PX ^s bv rcvcrse.pl,asc high-prcssnrc liqu.d chroma,ograph> , pro^ . . 
„rpro.uc. s,n,„ar ,o ,„osc obsen ed d„n„.*= syn.hc.s ofpcp.*. 



c 

20 PNAs 
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^,„.,f,ca„ons or PNAs for a ,vc„ appl,ca„„n ,„a, be acco„,p„s.,e. by 

o a.,,. ..... 0, b>. — --^^^^^^ 

, ,,„„„,c ac,a ,ro„p .0 ,bc expose. N-.e ,a, a„„ne. A- - • ^ 

,f,er svmbes,s bv coupling .o m imrodaced lysine or eys.en.e. The ease 

T: p^e 1 n,o.„e. rae,l„a,es op.,n„.a.,„n bene. s„U,b,„.y o. r„, spee.He 

,s Onee svn.bes.ed. ,he ,cle„my of PNAs and .be,, denvat.ves can 
,,„e„onal re,„,ren,e,«s. Once s ^ ^^^^ 

.e confined by n,ass spee.ro.e,,. ^e--' ,^,,,,,,„.45; Petersen e, 

„fpN,s(forexample.Norton««/.B,oorgMedChen.l9)5Apr.., , 

,■ ep, Se, .« May-Jnn;U:..:n5-S3: Ornn, e, B,o,ecbn„ues „<.5 
. , , Biochemistrv „96 Ang 20-.35(33).10(,73-<), Gr.ffiU, « <■/.. 
II Sci)-l<)13)-472-80; Fooler n<//.. Bioeliemisiry. . , , . j c^i n s 

„ ,,,5A.,„,W3(15»003*Pardridge«,,LProcNatlAcadSe,US 

::; :n":. ^ ^^^^^ "r^- 

. - ; — i-Passeri„i e, ... Blood. 1« A. ,3«.:U, A^.age 
, . ,, .ei IJ S A 1997 Nov ll;94(23): 12320-5; Seeger e, al. 
'■' "' , ::7 ; 73 V .2 7, U.S. pa.. HO. .700.22 diseases PHA-ONA- 

rirand ... . diagnos... .odma.. .0.. . ..^s... 

.A 1 rhem 1991 Dec 15;65(24):3545-9) and Jensen al. 

-^.-a.sa 

.nalvs.s enhancers of transcription, nucleic acid purification, 

:r:e„es.bi„c.ii.or«^^^^^ 

hvbridization, and the like. 
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^--^^:!:— 

0, ™n,p.a,ca a„> of a vane, of »o„ cs,*„*cd ,cc„„i,u« ,sec 

I k, Sa„*.oo. e. a,.. ...... C,.,.. . — " " - ---- "7 

. ;;o..o„es, CO. S.„. Ha.o.. NV. ,0., a. o.e. o. e a^ 

microanav of cDNAs for tumor-assocated expression (/.c exp 

rl;„ .„ a u,„« *a„ ,„ „o„„a, ,.s.e. a. .e.e™,„e. u... a ..ese„,a,.ve assa, 
.e.,„,. sac. sees ,„a, he peHon,.. fo. exa.p.c os„. .he n.coa.a 

.,.™„ve,. poK™,c,eo,iaes .a, a.p„r,ed .0. cONA p.pa.a fro„, 
exoressin- .he protems described herem,sach as tumor cells. 

,- ' Ma„v .enrplale dependent processes are av.daHe .0 a„,pl,fy a .arge, 

„orn,,eres.presen,n,asanrp,e,0„cor.,re.es..no.„a„rpl.r— ^ 

.„ polvmerase clra.n reaCon (PCR'^'l «h,ch is desenbed ,„ de.a.l .n U.S. Pa en. No. 
t 468.,202 and 4,800.159, each of .b.cK ,s .ncorpora.ed hercn by reference ,n 

! Cntreiv' Bnenv, in PCR™, ..o prnrrer sciences are prepared wH.cb are 
, .0 re.ons on oppos.re co.plen,e„.ary s.rands of .be .ar.e. se,ne„ce^ A 

' excess of deoxy„.,c,e„side .ripbospba.es ,s added .0 a reaCon m.x.ure along w..b DN A 
;n,erase ... poiynterase,. ,f .be .ar.e, science ,s presen. in a samp e, 

alon- .be .arge. sequence by add.ng on nucleotides. By ra,s,n„ S 
. ;rat.,re o .be reac.ton nttxture. tbe extended prtnrers .tl, dissociate fro. tbe targe to 
reaCon products, excess prtnters .ill b,„d to tbe target ^ ^ ^^^^ 
.„„ tbe process is repeated. Preferably reverse transcnptton and PCR antpbfi a 
Zcedure .ay be perfontted ,n order ,o .uant.fy tbe antount of ntR.A antpltfted. 
Polvnterase cbatn reaction me.bodologies are well kttown ,n tbe art. 
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art. Ill..slrat>vel>. ^ ^^^^^ ^^^^ ^^^^ 5 p^„„, 

, 4.8S3.750-. Qbca Rcplicasc, Jcscnb.d ^^^^^ ^^^^^ 

■ s,™. 0,sp,ace,.c„. ...pbf.ca.o,, ,SDA, a,. Repa. C.^^^ ^^^^ ^ 

— — r -cr.- p.... 

„„,. Pa,. Appl. PuW. NO PCT L.S80 - ^^^^ ^^^^ p^^^^ 

,„,„ac „a„sc„puo,vbascd a,„p,if,ca.io„ '^'^^ ^ ,,,,3,, ,SR, 

.0 SS .03,.. ,„cU,a„. .,c,.c ac. -"^^^^^^^^^^^^ 

1 or a p— .... ....e 

n'pcr . - a,s„ .e«-Kno. „ .0 ,„o.e of s.„ .n ,.e an. 

"one-Sided PCR (Ohara, invention may be 

,„ „en .„o.n ,ec,.ni,.es. W,„„„ sac. .ecb„.,.es. a cD ^^^^^^^^^^^ 

- .,.o„eo..o.po,— p™.eso.pn.e.su,^^^^^^^^^^^^ 

p,,fe.ed for ,de„.,fy,..g 5' and ups.rca,,. regions of genes. Gc„on„c 
f„, obtaining ,mro„s and ex,end,ng 5' sequences. ^^^^^^^ ^ 

F„, hybr,diza,ion .ecbniques. a parba, sequence . 

■,h '^Pl usinu well kno»n techniques. A bacteria, 
„;,.„ans,a,io„ or end.,abe,.ng - _ ^^^^^^^^^^^^ 

bactenopltagebbrary.stben general,, screened . 

Sambrook ct al.. Molecular Oo.un,. A Lahou. 
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u K,rNVl')S.)) HvhnJums colonics or plaques are sclcwJ 
Labora.oncs.CoKISprm. Harbor. NN. I )SM . , „„„es mav be arraly.cd 

ana e.,a.cO. a. ,bc OX.. . rsola.crl .r ^^^^^^-^^ a pn.cr .on, 
.0 ~e .be arrror.™ oraO.„o.l .e.,e„c • ^ ^^^^ 

,„c par„al se^ae„ce a„d a pr„„er Irorr, Ibe v.c.or RcS nc P 
„,av be .errerarc. ,o ,ae„„r> o„e or ,„ore ovcrlapprrr. Co-^ ^ ^ ^^^^^^ 

.ercna,,.. us,.>. .arr.ara ,eeb„„ues. .b,eb ,„a> oU , 
, . The rcsuUin". ovcrlapprng seflucnces can ihen assembled 
accbon clones, m r s ^ ^^^^^^^^^^^^^ ^^^^^ ^^^^^^^ ,,^^„„^^ ^„„,,, 

contiguous sequence. A lull len^i 
fragments, usu.g well known techniques. 

Mtemattvelv. ampl.ftcat.on teehntques, such as those 

,„eb an,pnr,ea„on ,ecbn„ue ,s rnverse PCR T ^^^^^^ 

gene. The fragment ,s then crculanzca , ^^^^^^^.^^ 

, PC. .Hb awcrgent pnmers .enve. Tron, .be ^^^^Z^y .^^^^^^o..,.. 
,,oaeh,se,nencesa,aeent,oapan,alse,nencema b . J 

::;:;:r;.:::.c,..o.be.o.re.^^,^^^^^^^^^^^^^^^^^^^^^^ 

„ „,„eh employs t.o pnmers that ,n,ba,e ex.ens.on ,n oppo , d,. ^ ^ 
.e,„enee. is Cescnbed ,n WO 9«S5C,. A.™«^er sncb ,ee ^ 

^x,^ M."nrRACE This technique uivolves the usc oi 

^^^^^^^^ 
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, FSTs mav ocnerally be pcrfomied 

„„.ncJbyanaKs,sof.™o,™c.V.gn,c™s, ^^^^^^^^^ 
,„ „,Hc, en*o.,n,cn.s o. , . ^^^^ ^^^^^^^ 

ft,„cuo,»l equivalents thereof, may be ,he tnherent degceraey of the 

— "T;:: : l: s„hsta„t,* ..c ot a a.ct,o„a«y 

10 equnalent amino acid sequeiiL 

clone and express a given polypeptide. advantageous in 

„„„,W oeeo.in. eoOons. Pot exa.p.e, c„ ons pre.™ ^ ^^^^^^^ ^ 

. e.a.yotte host eat, he .e,ccte. to,. tease ^^^^^^^^^^^^^^^ 

,l,a„ that of a trattscrtpt generated 

Moreover, the pCynttc.eotide sentences 
--ea.,..etho..e„era,,y.o.,t.«.a^^^^^^^^^^^^^^^ 
,0 .e,„e„ees for a vane.y of reasons, ,nc,u.n. . C „ ^^^^^^^^ 

,e e,o,„„., processing ^7;; ^^l, ,ene fra.t„ents an. synthe.ie 

TTre! t n«,eo* sequences, ,n a«on, ..e- 

„,„onnc,cot*s t„ay he ttsed to n n,e^^^^^ ^^^^^ ^^^^^^^^ ^^^^^ ^^^^^ 

directed i„ulagencsts may be use i„,roduce mutations, and so 

forth- , . natural modified, or recombinant 

'--'-^rrrra'rr^^^ 
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, u^Av \ fusion protein may also be cnguKacu 
available antiboch . A tusion p heterolo^'ous protein sequence. 

^^^^^^ 

,V„r/. Aculs Res. Srmp. Scr. ^ ^^^^^^ ^^^^^^^^^ 

:: :;:::r^^^^ ..... 
r :::: : ::::: ::r-^.- — = ~- - : 

rrr ^^^^^^^^^^^ - — %r ^- -^^^ 

, AR, 431 A Peptide Svmhes.zer (Perkin Elmer. Palo Al.o, CA). 

e s,„,l.^^^^^ pep.,. ™, .e s.— pun«ea p.P-ve 

w.a Crei-hton T. (1983) Proteins. Structures 

::;:;;rr:::r:::::r=::r--^ 

. vector which contains the necessary elements 
vector. I.e., a \ector ..^ wpU known to those skilled 

25 m the art may be used to construct p translational control elements. 

T„csc mchods ,nc,„clc ,„ v,„„ rcco„*,na„, DNA icchn , ^ ^ 

,„.„ ,ec„„*l,.«o. S„c. .ec.,„„cs a. ■ Press. Plai.v.e. 

„ „.»0> Molee.lar Cloning. A Labora.on- Mannal. Cold Spnn.. 
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, Those mcludc- bu. arc no, l.mhcd .0. „„croorgan,s,.s 
. MCcna ™s,on,K. « .1. a ^ ^^^^^ ^^^^^^^ ^^,,,„„ 

— ^^^'"^^ ^"^'r :; -ols. p.. - .... — 

i„f,,„j „,h v,rus expression veoors ( . ^^^^^^^ ^.^^^^ 

TVIV, or with bae.er,al expression vectors (.e. Ti or pBR. 



10 systems 



T..on.roU.cn,cn,s"or.e.,,a.or.se.,e,rees>resen,n,a„ex.r.^^^^^^ 

. ■ nf the vector-enhancers, promoters. 5 and 3 

- "°"7T:IZ :^^«^ .0- . car. „a. —on 
„„.ra„s,a.ed reg,ons-.,„eh .merac. ^^^^^ 

. ,ector system and host i.l.Hzed. an. 

.„,„d„. eo„s.,.n.,ve and rndncHe pronro.ers. , u 

PBLUESCR.pt p„agen„d ,S,ra,agene. La ,o„a. Ca.rf., o P 
Oa,.bersb„r. MO, and .c „.e n,ay be nsed, .n nrantnrab sy e p 
, ,„_.a„ .nes or .onr —an ^^^^-^^^^^^ . „,de. 

.5 dependn.g upon the use intended for the expre P ^.^^^^^^ direct high 

M for example for the mduction of antibodies, 
quantities are needed, tor examp ^.^^^^^^ 

„,ess,o„ or rnsron pro.ns rba, are '^^^^ ^^^ 2 d expression vectors 

- - - e.^ e^^ - h--- - 

sneh as BLUESCRIPT (Siralagene), ,n »h,eh .he seqnen 
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^^^^^ 

5 „„K.pcpuOcs as ..s,on pro,.,. , ^ „ 

p„,c,„s arc so,*,c and ca„ eas.K ' _^,„,^„„„„,. ,,„„i„3 

K follow ed bv elution in the presence oi 

„,adc ,n such sys.cms maj be d.s,.- ^^^^^ 
cleavage si.cs so ,ba. U,c cloned polypcpMdc o. m.ercs. 

10 moiety at will. • ^ number of vectors containing 

,„ ,„e vcas,, Saccharomyccs cerev,s,ae, a numbc, 

, »lnl,a factor alcohol oxidase, and POH may 
e„„s.i,u.,v= or ,ndr,c,ble pro.o.ers such as a, ha ac, . 
„«d. For reviews, see Ausubcl e. al. (sapra) and Gran, al, 

153:516-544. ^ ^he expression of 

; er a nnnrbcr Of pr„.o.ers.Por 
— encodrn. ; JJ.^,^ , .e nsed alone 

cxanrple, viral pronro.crs srich as Ihe P ^ 

„ ,„ co„rb,„a.,o„ » ,.b .he onre.a leader ™^ , ^ „ ^„,,„„ ,UB1SC0 

,,„O,.«0.3,.,— y,p,a,,.pro.,— ^ 

,0 or hear shock pronroiers nray be "^^^^^'^^^^^^ , ^, P.oW, 
Broghe, R. e, al, (19S4, Sc«.c 2.'«38.843^ ^.^^^^ 

:::,^^.t^ .echnles are descnbed in a 
,™sron.a.,on or pa.hogen-nredra.cd . ansfe^^ ^ ^^^^ ^ ^ ^„ 

„„„,ber of generally ava.lable revre.s (sc . f r ,,,,,, 
,5 McGra. Hrll Yearbook of Scence and Technology (1902) 

„ also be used ro express a polypeplide of imercsr. For 

:::::-::::::::revprcss.rc,gn genes nr. ^^^^^^^^ 
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10 



15 



rcnJcr .he polyl.cOnn gene ,™cm. ."J proju ^^^^^ 

V tlipn he used to mtcct. for example, nu^ y 

^^^^^ 

-•"---"-■"-:r;:::::r::\ 

„ — .He po.pe..e ,„ „.ec.e. .os. ce„s 

(Logan, J. and Shenk, i- V ^ enhancer, may be used to 

,„,.cnpUo„ c„.«ccrs, s„c. as ,he ROUS sarco™ v,™s (RSV, e„l 

--=-1— ^^^^ 

o.s:..s....po.^^^^^^^^^^^^^^^^^^^ 

i„,,a„on codon and adjacent sequences, ^„ i„,„ fte appropriate 

, ,,pep.,de, „s ,n,„a.,on eodon, and upstream --— J , 
e.prcss,on vector, no addit.ona, transcr.p.tona, or trans, ^^^^^^^^ 
„„,a. However. ,n ca.es ..tere onW codm, sequence^ r a ^ 
— . olreadut^rranretoensure 

:::::r — and — codons .a, 
translation of the entire tnsert. Exo.-enou 

,e of various origins. bot„ natura, and synftcc. T„e - 

,,,,_,.,.e,,rc,t,s,on„fen,rancers*,,areappropr.^^^^^^^^ ^^^^^^^^ 
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processing which clcaNts a prepro 

.nv prefened For example, cell lines which stably express a 
expression is generally preterred. ..en.nrs which may contain 

1 or interest may be transfomied using expression vectors h.ch may 

... „, ,.. .. ■ - • ™:* „„ .., „ ....... 

„,i„, ,ss.c cu„u,-c ,cch.,„.es .ppropria.e .o *e ce., .ypc ^^^^ 
Any number of selection sys,en,s may be used to recoser 
Tbese incl. but are no. lutt.e. to, tbe ben-es stntpte, vl^s .bymtCne ..nas 
n977> « //-J^J-BJ, and adetttne pbosphonbosyl.tansferase (Lowy. I. 
" »es e. be e„tp,oyed ,n t.sup,- or ap.sup.- ce„s, 

0980) Proc. Seal. Acad. Sa. 77.3567-70), .p- , j Mol. Biol. 

1 r AiS fColbere-Garapin. F. et al (1>'SU ^^'^ 
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.„c„ .0 ... , ... 

N,„ll,gan .l')SS) Pm,: .V.„(. .1.™! .s- ■ • • „,^„,„„,j,,, anJ «s s«bs„a.e CI S. 

>,sea o.>. .0 

, u,c,fc™se a,u, ,>s s*.ra,e 1-.^ ^^^^^^^^-^^ ^^^^^^ ^^^,^,,„„ 

,„n.rom,ams, M also ,o q«a„..fy „„, 
,„,„.aMe .0 a spccf.c vecor sys.c, (Rhodes. C, A, - 

^ .,„fmarto»-e.ie expression suggests lhauhc 

U, ,e„c of imcres. ,s also prcsen.. .s prese ^ ^^^„^„„. 

"""'^ " ::::: — - 

:;Jctoofas.,ep™™.e.Exp„ss,o,,or.,,e.a.^^ 
encoding sequence under fl,e ^^^^^^ ,,,,, 

sequence may b= iden-fie" by a vane y P ^^^^^^ „ybrid,za„ons 
These procedures include, bu, are no. Imu.ed ■ ^^^^^^^^ 

20 solution, or cliip o^i*^"^ 

orpro.eiu^ , f„ .eteeliug and measuring the expression of 

e lyelnalornronoclonalauubodiesspec,. 
p„,,„ucle„,ide-e,,codedproduc.s usmge 1^ ^ 

- - : : : l loresceuce acuva.ed cell sorr.ng (PACS. 

,ssay (ELISA). rad.oinrmnnoassay (RIA). .^^^^^^ ,„ 

. _,.e. nronoclonalW ,n— sonre 
,.0 non-inrerfering epitopes on . • ^ „„er 

aP...^"'-- - " :::: n Illon, . Serologre. 

assays arc described, among other places. 
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\, „„,l iPS Press Si Paul. NHnn I and MaJdox. D E. et aUI')85; 
\lclhoJs. a Laboratory Moiiujl. APb KRSS. 51 

A „,dc varicv of labels and conjugation icchn.qnes arc known by ihosc 
skrlied ,n .be ar. and nray be nscd n, vanons nncleie ae,d and anrnro acd assays. Means for 
,roduc,n. labeled hybr,d,.anon or PCR probes for dcecn, seqnences related .0 
oK-nnCcdcs rnclnde ol.golabcHng. n,ek .ranslanon. end-label,n, or PCR anrpHficarron 
„„„„ a labeled nncleonde. ..Uenrar. cly. ,bc seqnenees, or any pon.ons .bereof nray e 
do,,;, n„o a vecor for .be prodncon of an n.RN.. probe. Sneb vec.ors are known .n . e 
,r. are co,„n,erc,al,y avarlable, and n,ay be used .0 syn.bes.zc RNA probes n, vnro by 
.adi.,on of an appropna.e RNA polymerase sucb as T. T3, or SP. and labeled 
nucleobdes. Tbese procedures n.ay be conduced us.ng a var.e.y of con,n,erc.ally aya. able 

enzymes, fluoreseen.. ehenrilunrinescen,. or cbronrogen.e agen.s as well as subs.ra.es, 
cofactors. inbibilors. magne.ic particles, and Ihe like. 

Hos. cells .ransforrrred wi.b a polynucleo.ide sequence of imerest may be 
,„,r„red ..nder condnions su,.ab,e for .be express.on and recover of ,be pro.e.n from cell 
euHure. The pro.ein produced by a reeombinan, cell may be secre.ed or con.a.ned 
,n,race,lularlv dcpcnd.ng on ,be sequence and/or .be vecor used. As w.l, be understood by 
,„„se of sk,ll .n .he ar.. expression yee.ors con.a.nmg p„lyn.,cleo.ides of ,he ,nven.,on may 
„ be designed .0 con.ain signal sequences wh.cb d.ree. seercon of ,be encoded polypep..de 
.„rou.h a prokaryoric or eukaryo.,e eel, membrane. O.her recombrnan. eons.rucons may 
be uled .0 join sequences encodmg a polypepr.de of .n.eres, .0 nucleo.ide sequence 
encoding a polypep.ide doma.n which will faeilha.e pur.fiear.on of soluble protems. Such 
p„r,f,eauon facil,.a.,ng doma.ns .nelude. bu, are no. limited ,0. meta, chelating pepbdes 
,5 such as h,s.,dn,e-.ryp.ophan mod.,les .ha. allow pur,fiea..on on .mmobihzed me.als, 
" prorein A domains .ha, allow punHearron on .mmob.lizcd .mmunoglobulin. and .be domam 
„„|,zed ,n .he FLAGS ex.ension,'af.ini.y purif.ca.ion sys.em (Immunex Corp., Sea.tle. 
wash , The .nelus.on of cleavable linker sequences such as those specfic for Factor XA or 
e„.er„k,nase „nv,.rogen. San D.ego. Cal.f. be.ween the punficar.on doma.n and the 
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encoded pohpeplide ma\ be used to facilitale purificalion. One such expression \cctor 
prov ides for expression of a fusion protein containing a poKpeptide of interest and a 
nucleic acid encoding 6 histidine residues preceding a thioredoxin or an enterokinase 
clea\age site. The histidine residues facihtate purification on IMIAC (immobihzed metal 

5 ion affinitN chromatography) as described in Porath, J. el ah (1992, Prot. Exp. Purif. 3:263- 
281) while the enterokinase cleavage site provides a means for purifying the desired 
poK peptide from the fusion protein. A discussion of vectors which contain fusion proteins 
is provided in KrolK D. J. et al. (1993; DXA Cell Biol. 72:441-453). 

in addition to recombinant production methods, polypeptides of the 

10 inv ention, and fragments thereof, may be produced by direct peptide synthesis using solid- 
phase techniques (Merrifield J. (1963) J. Am. Chem. Soc. 5>:2149-2154). Protein synthesis 
may be perfomied using manual techniques or by automation. Automated synthesis may be 
achieved, for example, using Applied Biosystems 431 A Peptide Synthesizer (Perkin 
Elmer). Alternatively, various fragments may be chemically synthesized separately and 

1 5 combined using chemical methods to produce the full length molecule. 

Antibody Compositions, Fra^ients Thereof and Other Binding Agents 

According to another aspect, the present invention further provides binding 
agents, such as antibodies and antigen-binding fragments thereof, that exhibit 
immunological binding to a tumor polypeptide disclosed herein, or to a portion, variant or 

20 derivative thereof. An antibody, or antigen-binding fragment thereof, is said to 
"specifically bind," "immunogically bind," and/or is "immunologically reactive" to a 
polypeptide of the invention if it reacts at a detectable level (within, for example, an ELISA 
assay) with the polypeptide, and does not react detectably with unrelated polypeptides 
under similar conditions. 

25 Immunological binding, as used in this context, generally refers to the non- 

covalent interactions of the type which occur between an immunoglobulin molecule and an 
antigen for which the immunoglobulin is specific. The strength, or affinity of 
immunological binding interactions can be expressed in temis of the dissociation constant 
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(K.) of the interaction, wherem a smaller represents a greater affinity. Immunological 
binding properties of selected polypeptides can be quantified using methods well known in 
the art. One such method entails measuring the rates of antigen-binding site antigen 
complex fomiation and dissociation, wherein those rates depend on the concentrations of 

5 the complex partners, the affinity of the interaction, and on geometric parameters that 
equally infiuence the rate in both directions. Thus, both the "on rate constant" {K J and the 
"off rate constant" (K ,J can be detemiined by calculation of the concentrations and the 
actual rates of association and dissociation. The ratio of enables cancellation of all 

parameters not related to affinity, and is thus equal to the dissociation constant Kj. See, 

10 generally, Davies et al. (1990) Annual Rev. Biochem. 59:439-473. 

An "antigen-binding site/' or "binding portion" of an antibody refers to the 
part of the immunoglobulin molecule that participates in antigen binding. The antigen 
binding site is formed by amino acid residues of the N-temiinal variable ("V") regions of 
the heavy ("H") and light ("L") chains. Three highly divergent stretches within the V 

15 regions of the heavy and light chains are referred to as "hypen ariable regions" which are 
interposed between more consented flanking stretches known as "framework regions," or 
"FRs". Thus the temi "FR" refers to amino acid sequences which are naturally found 
between and adjacent to hypervariable regions in immunoglobulins. \n an antibody 
molecule, the three hyper\'ariable regions of a light chain and the three hyper\^ariable 

20 regions of a heavy chain are disposed relative to each other in three dimensional space to 
fomi an antigen-binding surface. The antigen-binding surface is complementary to the 
three-dimensional surface of a bound antigen, and the three hyper\'ariable regions of each 
of the heavy and light chains are referred to as "complementarity-determining regions," or 
"CDRs." 

25 Binding agents may be further capable of differentiating betw^een patients 

with and without a cancer, such as breast cancer, using the representative assays provided 
herein. For example, antibodies or other binding agents that bind to a tumor protein will 
preferably generate a signal indicating the presence of a cancer in at least about 20% of 
patients with the disease, more preferably at least about 30% of patients. Alternatively, or 

55 



210121.419C10 




in addition, the antibody will generate a negati\e signal mdieatmg the absence of the 
disease ni at least about 90*' „ of nidi\ iduals without the cancer. To detemiine whether a 
binding agent satisfies this requirement, biological samples (c.i^., blood, sera, sputum, urine 
and or tumor biopsies) from patients with and without a cancer (as determined using 
5 standard clinical tests) may be assa\'ed as described herein for the presence of polypeptides 
that bind to the binding agent. Preferably, a statistically significant number of samples 
with and without the disease will be assayed. Each binding agent should satisfy the abo\'e 
criteria; how ex er, those of ordinar\' skill in the art w ill recognize that binding agents may 
be used in combination to impro\'e sensiti\ ity. 

1 0 Any agent that satisfies the abo\ e requirements may be a binding agent. For 

example, a binding agent may be a ribosome. with or without a peptide component, an 
RNA molecule or a polypeptide. In a preferred embodiment, a binding agent is an antibody 
or an antigen-binding fragment thereof. Antibodies may be prepared by any of a variety of 
techniques known to those of ordinary skill in the art. See, e.g., Harlow^ and Lane, 

15 Autibodies: A Lcihonitofy Mamuii Cold Spring Harbor Laboratory, 1988- In general, 
antibodies can be produced by cell culture techniques, including the generation of 
monoclonal antibodies as described herein, or via transfection of antibody genes into 
suitable bacterial or mammalian cell hosts, in order to allow^ for the production of 
recombinant antibodies. In one technique, an immunogen comprising the polypeptide is 

20 initially injected into any of a wide variety of mammals {e.g.. mice, rats, rabbits, sheep or 
goats). In this step, the polypeptides of this invention may ser\'e as the immunogen without 
modification. Alternatively, particularly for relatively short polypeptides, a superior 
immune response may be elicited if the polypeptide is joined to a carrier protein, such as 
bovine serum albumin or keyhole limpet hemocyanin. The immunogen is injected into the 

25 animal host, preferably according to a predetermined schedule incorporating one or more 
booster immunizations, and the animals are bled periodically. Polyclonal antibodies 
specific for the polypeptide may then be purified from such antisera by, for example, 
affinity chromatography using the polypeptide coupled to a suitable solid stipport. 
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Monoclonal antibodies specific for an antigenic poK peptide of interest may 
be prepared, for example, using the technique of Kohler and Milstein. Faik. J. Immunol. 
6:511-51^), 1976, and nnprovements thereto. Brietly, these methods in\'olve the 
preparation of immortal cell lines capable of producing antibodies having the desired 

5 specificity (/.^^, reacti\ity with the poKpeptide of interest). Such cell lines may be 
produced, for example, from spleen cells obtained from an animal immunized as described 
above. The spleen cells are then immortalized by, for example, fusion with a myeloma cell 
fusion partner, preferably one that is syngeneic with the immunized animal. A variety of 
fusion techniques may be employed. For example, the spleen cells and myeloma cells may 

10 be combined with a nonionic detergent for a few minutes and then plated at low density on 
a selective medium that supports the growth of hybrid cells, but not myeloma cells. A 
preferred selection technique uses HAT (hypoxanthine, aminopterin, thymidine) selection. 
After a sufficient time, usually about 1 to 2 weeks, colonies of hybrids are obser\^ed. 
Single colonies are selected and their culture supematants tested for binding activity against 

1 5 the polypeptide. Hybridomas having high reactivity and specificity are preferred. 

Monoclonal antibodies may be isolated from the supematants of growing 
hybridoma colonies. In addition, various techniques may be employed to enhance the 
yield, such as injection of the hybridoma cell line into the peritoneal cavity of a suitable 
vertebrate host, such as a mouse. Monoclonal antibodies may then be har\'ested from the 

20 ascites fluid or the blood. Contaminants may be removed from the antibodies by 
conventional techniques, such as chromatography, gel filtration, precipitation, and 
extraction. The polypeptides of this invention may be used in the purification process in, 
for example, an affinity chromatography step. 

A number of therapeutically useful molecules are known in the art which 

25 comprise antigen-binding sites that are capable of exhibiting immunological binding 
properties of an antibody molecule. The proteolytic enzyme papain preferentially cleaves 
IgG molecules to yield sex'eral fragments, two of which (the "F(ab)" fragments) each 
comprise a covalent heterodimer that includes an intact antigen-binding site. The enzyme 
pepsin is able to cleave IgG molecules to provide several fragments, including the "F(ab'). " 
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fragment which comprises both antigen-binding sites. An "F\ " fragment can be produced 
b\' preferential proteoKtic cleavage of an IgM, and on rare occasions IgG or IgA 
immunoglobulin molecule. F\ fragments are, however, more commonK' deri\'ed using 
recombinant techniques known in the art. The F\ fragment includes a non-covalent \^j::V, 
5 helerodimer including an antigen-binding site which retains much of the antigen 
recognition and binding capabilities of the native antibody molecule. Inbar et al. (1972) 
Proc. Nat. Acad. Sci. USA 69:2659-2662; Hochman et al. (1976) Biochem 15:2706-2710; 
and Ehrhch et al. (1980) Biochem 19:4091-4096. 



10 heterodimer which is expressed from a gene fusion including Vj,- and Vj -encoding genes 
linked by a peptide-encoding linker. Huston et al. (1988) Proc. Nat. Acad. Sci. USA 
85(16):5879-5883. A number of methods have been described to discern chemical 
structures for con\'erting the naturally aggregated-but chemically separated-light and 
heavy polypeptide chains from an antibody V region into an sFv molecule which wall fold 

15 into a three dimensional structure substantially similar to the structure of an antigen- 
binding site. See, e.g.. U.S. Pat. Nos. 5,091,513 and 5,132,405, to Huston et al.; and U.S. 
Pat. No. 4,946,778, to Ladner et al. 



chain CDR set, respectively interposed between a heavy chain and a light chain FR set 
20 w hich provide support to the CDRS and define the spatial relationship of the CDRs relative 
to each other. As used herein, the term "CDR set" refers to the three hyperx^ariable regions 
of a heavy or light chain V region. Proceeding from the N-tenninus of a heavy or light 
chain, these regions are denoted as "CDRl," "CDR2," and "CDR3" respectively. An 
antigen-binding site, therefore, includes six CDRs, comprising the CDR set from each of a 
25 heavy and a light chain V region. A polypeptide comprising a single CDR, {e.g., a CDRl, 
CDR2 or CDR3) is referred to herein as a "molecular recognition unit." Crystallographic 
analysis of a number of antigen-antibody complexes has demonstrated that the amino acid 
residues of CDRs fonn extensive contact with bound antigen, wherein the most extensive 



A single chain Fv ("sF\") polypeptide is a covalently linked Vn::V 



Each of the above-described molecules includes a heavy chain and a light 
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antigen contact is w ith the hea\\' chain CDR3. Thus, the molecular recognition units are 
primarily responsible for the specificity of an antigen-binding site. 

As used herein, the term "FR set" refers to the four flanking amino acid 
sequences w hich frame the CDRs of a CDR set of a hea\ \' or light chain \^ region. Some 
5 FR residues ma\' contact bound antigen; how e\ er, FRs are primarily responsible for folding 
the \' region into the antigen-binding site, particularly the FR residues directly adjacent to 
the CDRS. Within FRs, certain amino residues and certain structural features are very 
highly conser\ cd. hi this regard, all V region sequences contain an internal disulfide loop 
of around 90 amino acid residues. When the V regions fold into a binding-site, the CDRs 

10 are displayed as projecting loop motifs which fonn an antigen-binding surface. It is 
generally recognized that there are consen'ed structural regions of FRs w hich influence the 
folded shape of the CDR loops into certain "canonical structures-regardless of the precise 
CDR amino acid sequence. Further, certain FR residues are known to participate in non- 
covalent interdomain contacts which stabilize the interaction of the antibody heavy and 

15 light chains. 

A number of "humanized" antibody molecules comprising an antigen- 
binding site derived from a non-human immunoglobulin have been described, including 
chimeric antibodies having rodent V regions and their associated CDRs fused to human 
constant domains (W^inter et al. (1991) Nature 349:293-299; Lobuglio et al. (1989) Proc. 

20 Nat. Acad. Sci. USA 86:4220-4224; Shaw et al (1987) J Immunol. 138:4534-4538; and 
Brown et al. (1987) Cancer Res. 47:3577-3583), rodent CDRs grafted into a human 
supporting FR prior to fusion with an appropriate human antibody constant domain 
(Riechmann et al. (1988) Nature 332:323-327; Verhoeyen et al. (1988) Science 239:1534- 
1536; and Jones et al. (1986) Nature 321:522-525), and rodent CDRs supported by 

25 recombinantly veneered rodent FRs (European Patent Publication No. 519,596, published 
Dec. 23, 1992). These "humanized" molecules are designed to minimize unwanted 
immunological response toward rodent antihuman antibody molecules which limits the 
duration and effectiveness of therapeutic applications of those moieties in human 
recipients. 
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As used herein, the temis "\eneered F^Rs" and "recombinantly xeneered 
FRs" refer to the selective replacement of FR residues from, e.g.. a rodent hea\y or light 
chain \' region, with human FR residues in order to provide a xenogeneic molecule 
comprising an antigen-binding site which retains substantiall>' all of the native FR 

5 polvpeptide folding structure. X'eneering techniques are based on the understanding that the 
ligand binding characteristics of an antigen-binding site are determined primarily by the 
structure and relati\ e disposition of the heavy and light chain CDR sets w ithin the antigen- 
binding surface. Davies et al. (1990) Ann. Rew Biochcm. 59:439-473. Thus, antigen 
binding specificity can be preser\'ed in a humanized antibody only wherein the CDR 

10 structures, their interaction w ith each other, and their interaction with the rest of the V 
region domains are carefully maintained. By using veneering techniques, exterior (e.g., 
solvent-accessible) FR residues which are readily encountered by the immune system are 
selectively replaced with human residues to provide a hybrid molecule that comprises 
either a weakly immunogenic, or substantially non-immunogenic veneered surface. 

15 The process of veneering makes use of the available sequence data for 

human antibody variable domains compiled by Kabat et al., in Sequences of Proteins of 
Immunological Interest, 4th ed., (U.S. Dept. of Health and Human Services, U.S. 
Government Printing Office, 1987), updates to the Kabat database, and other accessible 
U.S. and foreign databases (both nucleic acid and protein). Solvent accessibilities of V 

20 region amino acids can be deduced from the known three-dimensional structure for human 
and murine antibody fragments. There are two general steps in veneering a murine antigen- 
binding site. Initially, the FRs of the variable domains of an antibody molecule of interest 
are compared with corresponding FR sequences of human variable domains obtained from 
the above-identified sources. The most homologous human V regions are then compared 

25 residue by residue to corresponding murine amino acids. The residues in the murine FR 
which differ from the human counterpart are replaced by the residues present in the human 
moiety using recombinant techniques well known in the art. Residue switching is only 
carried out with moieties which are at least partially exposed (solvent accessible), and care 
is exercised in the replacement of amino acid residues which may have a significant effect 
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on the lciliar\' structure of \' region domains, such as proline, gKcine and charged amino 
acids. 

In this manner, the resuUant "\eneered" murine antigen-binding sites are 
thus designed to retain the murine CDR residues, the residues substantialK' adjacent to the 
5 CDRs, the residues identified as buried or mosth' buried (soh ent inaccessible), the residues 
beliexed to participate in non-co\'alent (e.g.. electrostatic and h\'drophobic) contacts 
between heavy and light chain domains, and the residues from consen ed structural regions 
of the FRs which are believed to influence the ''canonical" tertiar>' structures of the CDR 
loops. These design criteria are then used to prepare recombinant nucleotide sequences 

10 which combine the CDRs of both the heavy and light chain of a murine antigen-binding 
site into human-appearing FRs that can be used to transfect mammalian cells for the 
expression of recombinant human antibodies which exhibit the antigen specificity of the 
murine antibody molecule. 

In another embodiment of the invention, monoclonal antibodies of the 

15 present invention may be coupled to one or more therapeutic agents. Suitable agents in this 
regard include radionuclides, differentiation inducers, drugs, toxins, and derivatives 
thereof Preferred radionuclides include ''Y, "M, '''I, ''M, '''Re, '''Re, "'At, and '"Bi. 
Preferred drugs include methotrexate, and pyrimidine and purine analogs. Preferred 
differentiation inducers include phorbol esters and butyric acid. Preferred toxins include 

20 ricin, abrin, diptheria toxin, cholera toxin, gelonin, Pseudomonas exotoxin. Shigella toxin, 
and pokeweed antiviral protein. 

A therapeutic agent may be coupled (e.g., covalently bonded) to a suitable 
monoclonal antibody either directly or indirectly (e.g., via a linker group). A direct 
reaction between an agent and an antibody is possible when each possesses a substituent 

25 capable of reacting with the other. For example, a nucleophilic group, such as an amino or 
sulfliydryl group, on one may be capable of reacting with a carbonyl-containing group, 
such as an anhydride or an acid halide, or with an alkyl group containing a good leaving 
group (e.g.. a halide) on the other. 
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AlternatiN el\ , it ma\ be desirable to couple a tberapeutic agent and an 
antibod)' \ ia a linker group. A linker group can function as a spacer to distance an anlibod\' 
from an agent in order to a\oid interference w ith binding capabilities. A linker group can 
also serve to increase the chemical reactivit>' of a substituent on an agent or an antibody, 
5 and thus increase the coupling efficiency. An increase in chemical reacti\'ity may also 
facilitate the use of agents, or functional groups on agents, w hich otherwise would not be 
possible. 

It will be e\ident to those skilled in the art that a variety of bifunctional or 
poly functional reagents, both homo- and hctcro-functional (such as those described in the 

10 catalog of the Pierce Chemical Co., Rockford, IL), may be employed as the linker group. 
Coupling may be effected, for example, through amino groups, carboxyl groups, sulftiydryl 
groups or oxidized carbohydrate residues. There are numerous references describing such 
methodology, c\g., U.S. Patent No. 4,671,958, to Rodwell et al. 

Where a therapeutic agent is more potent when free from the antibody 

15 portion of the immunoconjugates of the present invention, it may be desirable to use a 
linker group which is cleavable during or upon internalization into a cell. A number of 
different cleavable linker groups have been described. The mechanisms for the 
intracellular release of an agent from these linker groups include cleavage by reduction of a 
disulfide bond (e.g.. U.S. Patent No. 4,489,710, to Spitler), by irradiation of a photolabile 

20 bond (e.g., U.S. Patent No. 4,625,014, to Senter et al.), by hydrolysis of derivatized amino 
acid side chains (e.g., U.S. Patent No. 4,638,045, to Kohn et al.), by serum complement- 
mediated hydrolysis (e.g., U.S. Patent No. 4,671,958, to Rodwell et al), and acid-catalyzed 
hydrolysis (e.g., U.S. Patent No. 4,569,789, to Blattler et al.). 

It may be desirable to couple more than one agent to an antibody. In one 

25 embodiment, multiple molecules of an agent are coupled to one antibody molecule. In 
another embodiment, more than one type of agent may be coupled to one antibody. 
Regardless of the particular embodiment, immunoconjugates with more than one agent 
may be prepared in a \ ariety of ways. For example, more than one agent may be coupled 
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directU' to an antibodx molecule, or linkers that provide multiple sites for attachment can 
be used. AltemativeK', a carrier can be used. 

A carrier ma\' bear the agents in a \ariety of \\a\'S, including co\alent 
bonding either direclK' or \ia a linker group. Suitable carriers include proteins such as 
5 albumins (e.g.. U.S. Patent No. 4,507,234, to Kato et al.). peptides and polysaccharides 
such as aminodextran (e.g.. U.S. Patent No. 4,699,784, to Shih et al.). A carrier may also 
bear an agent by noncovalent bonding or by encapsulation, such as within a liposome 
vesicle (e.g.. U.S. Patent Nos. 4,429,008 and 4,873,088). Carriers specific for radionuclide 
agents include radiohalogenatcd small molecules and chelating compounds. For example, 
10 U.S. Patent No. 4,735,792 discloses representative radiohalogenatcd small molecules and 
their synthesis. A radionuclide chelate may be fomied from chelating compounds that 
include those containing nitrogen and sulfur atoms as the donor atoms for binding the 
metal, or metal oxide, radionuclide. For example, U.S. Patent No. 4,673,562, to Davison 
et al. discloses representative chelating compounds and their synthesis. 

1 5 T Cell Compositions 

The present invention, in another aspect, provides T cells specific for a 
tumor polypeptide disclosed herein, or for a variant or derivative thereof Such cells may 
generally be prepared /// vitro or ex vivo, using standard procedures. For example, T cells 
may be isolated from bone marrow, peripheral blood, or a fraction of bone marrow or 

20 peripheral blood of a patient, using a commercially available cell separation system, such 
as the Isolex™ System, available from Nexell Therapeutics, Inc. (Irvine, CA; see also U.S. 
Patent No. 5,240,856; U.S. Patent No. 5,215,926; WO 89/06280; WO 91/16116 and WO 
92/07243). Alternatively, T cells may be derived from related or unrelated humans, non- 
human mammals, cell lines or cultures. 

25 T cells may be stimulated with a polypeptide, polynucleotide encoding a 

polypeptide and/or an antigen presenting cell (APC) that expresses such a polypeptide. 
Such stimulation is performed under conditions and for a time sufficient to permit the 
generation of T cells that are specific for the polypeptide of interest. Preferably, a tumor 
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pohpeptide or pol> nucleolide of the iin cntion is present w ithin a deli\ er\' vehicle, such as 
a microsphere, to tacilitate the generation of specific T cells. 

T cells are considered to be specific for a pol\peptide of the present 
in\ ention if the T cells specificalK' proliferate, secrete cytokines or kill target cells coated 
5 w ith the polypeptide or expressing a gene encoding the polypeptide. T cell specificity may 
be e\aluated using any of a varictN' of standard techniques. For example, within a 
chromium release assay or proliferation assay, a stimulation index of more than two fold 
increase in lysis and or proliferation, compared to negati\'e controls, indicates T cell 
specificity. Such assays may be performed, for example, as described in Chen et al, 

10 Cancer Res. .-^-i?: 1 065-1070, 1994. Alternatively, detection of the proliferation of T cells 
may be accomplished by a variety of known techniques. For example, T cell proliferation 
can be detected by measuring an increased rate of DNA synthesis (e.g., by pulse-labeling 
cultures of T cells with tritiated thymidine and measuring the amount of tritiated thymidine 
incorporated into DNA). Contact with a tumor polypeptide (ICQ ng/ml - 100 |^g/ml, 

15 preferably 200 ng/ml - 25 i^ig/ml) for 3 - 7 days will typically result in at least a tw^o fold 
increase in proliferation of the T cells. Contact as described above for 2-3 hours should 
result in activation of the T cells, as measured using standard cytokine assays in which a 
two fold increase in the level of cytokine release (e.g., TNF or IFN-v) is indicative of T cell 
activation (see Coligan et al., Current Protocols in hiimunology, vol. 1, Wiley Interscience 

20 (Greene 1998)). T cells that have been activated in response to a tumor polypeptide, 
polynucleotide or polypeptide-expressing APC may be CD4 and/or CD8\ Tumor 
polypeptide-specific T cells may be expanded using standard techniques. Within preferred 
embodiments, the T cells are derived from a patient, a related donor or an unrelated donor, 
and are administered to the patient following stimulation and expansion. 

25 For therapeutic purposes, CD4^ or CDS"^ T cells that proliferate in response 

to a tumor polypeptide, polynucleotide or APC can be expanded in number either in vitro 
or in vivo. Proliferation of such T cells /// viiro may be accomplished in a variety of ways. 
For example, the T cells can be re-exposed to a tumor polypeptide, or a short peptide 
corresponding to an immunogenic portion of such a polypeptide, with or without the 
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addition of Tccll growth factors, such as interlcukin-2. and or stimulator cells that 
synthesi/c a tumor poKpeptide. Altcmatn cl\', one or more T cells that proliferate in the 
presence of the tumor poh pcptide can be expanded in number b\' cloning. Methods for 
clonmg cells are w ell know n in the art, and include limiting dilution. 

5 Pharmaceutical Compositions 

In additional embodiments, the present in\'ention concerns formulation of 
one or more of the polynucleotide, polypeptide, T-cell and or antibody compositions 
disclosed herein in phamiaceutically-acceplable carriers tor administration to a cell or an 
animal, either alone, or in combination with one or more other modalities of therapy. 

10 It w ill be understood that, if desired, a composition as disclosed herein may 

be administered in combination with other agents as well, such as, e.g., other proteins or 
polypeptides or various phamiaceutically-active agents. In fact, there is virtually no limit to 
other components that may also be included, given that the additional agents do not cause a 
significant adverse effect upon contact with the target cells or host tissues. The 

15 compositions may thus be delivered along with various other agents as required in the 
particular instance. Such compositions may be purified from host cells or other biological 
sources, or alternatively may be chemically synthesized as described herein. Likewise, 
such compositions may further comprise substituted or derivatized RNA or DNA 
compositions. 

20 Therefore, in another aspect of the present invention, pharmaceutical 

compositions are provided comprising one or more of the polynucleotide, polypeptide, 
antibody, and/or T-cell compositions described herein in combination with a 
physiologically acceptable carrier. In certain preferred embodiments, the pharmaceutical 
compositions of the invention comprise immunogenic polynucleotide and/or polypeptide 

25 compositions of the in\ ention for use in prophylactic and theraputic \'accine applications. 
Vaccine preparation is generally described in, for example, M.F. Powell and M.J. Newman, 
eds., "Vaccine Design (the subunit and adjuvant approach)," Plenum Press (NY, 1995). 
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GencralK'. such compositions w ill comprise one or more polynucleotide and or polypeptide 
compositions of the present in\ ention in combination w ith one or more immunostimulants. 

It w ill be apparent that any of the phamiaceutical compositions described 
herein can contain phamiaceutically acceptable salts of the pol\'nucleolides and 
5 polypeptides of the invention. Such salts can be prepared, for example, from 
pharmaceuticalh' acceptable non-loxic bases, including organic bases {e.g., salts of 
primar\\ secondare' and tertiar\' amines and basic amino acids) and inorganic bases (e.g., 
sodium, potassium, lithium, ammonium, calcium and magnesium salts). 

In another embodiment, illustrati\e immunogenic compositions, e.g., 

10 vaccine compositions, of the present invention comprise DNA encoding one or more of the 
polypeptides as described abo\'e, such that the polypeptide is generated in situ. As noted 
above, the polynucleotide may be administered within any of a variety of delivery systems 
known to those of ordinary skill in the art. Indeed, numerous gene delivery techniques are 
well known in the art, such as those described by Rolland, Crit. Rev. Thenip. Drug Carrier 

15 Systems 75:143-198, 1998, and references cited therein. Appropriate polynucleotide 
expression systems will, of course, contain the necessary regulatory DNA regulatory 
sequences for expression in a patient (such as a suitable promoter and terminating signal). 
Alternatively, bacterial delivery systems may involve the administration of a bacterium 
(such as BcieiUuS'Calmette-Guerrin) that expresses an immunogenic portion of the 

20 polypeptide on its cell surface or secretes such an epitope. 

Therefore, in certain embodiments, polynucleotides encoding immunogenic 
polypeptides described herein are introduced into suitable mammalian host cells for 
expression using any of a number of known viral-based systems. In one illustrative 
embodiment, retroviruses provide a convenient and effective platform for gene delivery 

25 systems. A selected nucleotide sequence encoding a polypeptide of the present invention 
can be inserted into a vector and packaged in retroviral particles using techniques know^n in 
the art. The recombinant \'irus can then be isolated and deli\'ered to a subject. A number of 
illustrative retro\iral systems have been described (e.g.. U.S. Pat. No. 5,219,740; Miller 
and Rosman (1989) BioTechniques 7:980-990; Miller, A. D. (1990) Human Gene Therapy 
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1:5-14: Scaipa et al. (1991) N'lrology 180:849-852: Bums et al. (1993) Proc. Natl. Acad. 
Sci. USA 9():8U33-8()37: and Boris-Lawrie and Tcmni (1993) Cur. Opm. Genet, Develop. 
3:102-109. 

in addition, a number of illustrati\e adeno\ irus-based systems ha\e also 
5 been described. Unlike retroviruses which integrate into the host genome, adeno\'iruses 
persist extrachromosomalK' thus minimizing the risks associated with insertional 
mutagenesis (Haj-Ahmad and Graham (198()) J. Virol. 57:267-274; Bett et al. (1993) J. 
Virol. 67:591 1-5921; Mittereder et al. (1994) Human Gene Therapy 5:717-729; Seth et al. 
(1994) J. Virol. 68:933-940; Barr et al. (1994) Gene Therapy 1:51-58; Berkner, K. L. 

10 (1988) BioTechniques 6:616-629; and Rich et al. (1993) Human Gene Therapy 4:461-476). 

Various adeno-associated virus (AAV) vector systems have also been 
developed for polynucleotide delivery. AAV vectors can be readily constnicted using 
techniques well known in the art. See, e.g.^ U.S. Pat. Nos. 5,173,414 and 5,139,941; 
International Publication Nos. WO 92/01070 and WO 93/03769; Lebkowski et al. (1988) 

15 Molec. Cell. Biol. 8:3988-3996; Vincent et al. (1990) Vaccines 90 (Cold Spring Harbor 
Laboratory Press); Carter, B. J. (1992) Current Opinion in Biotechnology 3:533-539; 
Muzyczka, N. (1992) Current Topics in Microbiol, and Immunol. 158:97-129; Kotin, R. M. 
(1994) Human Gene Therapy 5:793-801; Shelling and Smith (1994) Gene Therapy 1:165- 
169; and Zhou et al. (1994) J. Exp. Med. 179:1867-1875. 

20 Additional viral vectors useful for delivering the polynucleotides encoding 

polypeptides of the present invention by gene transfer include those derived from the pox 
family of viaises, such as vaccinia virus and avian poxvirus. By w^ay of example, vaccinia 
virus recombinants expressing the novel molecules can be constructed as follows. The 
DNA encoding a polypeptide is first inserted into an appropriate vector so that it is adjacent 

25 to a N'accinia promoter and flanking vaccinia DNA sequences, such as the sequence 
encoding thymidine kinase (TK). This vector is then used to transfect cells which are 
simultaneously infected with vaccinia. Homologous recombination ser\es to insert the 
vaccinia promoter plus the gene encoding the polypeptide of interest into the viral genome. 
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The resulting TK.SLip.(-) recombinant can be selected b> cultunng the cells in the presence 
of 5-bromodeo\yLiridine and picking viral plaques resistant thereto. 

A \ accinia-based infection transfection s> stem can be conx eniently used to 
pro\'ide for inducible, transient expression or coexpression of one or more polypeptides 
5 described herein in host cells of an organism, in this particular s\stem, cells are first 
infected in \ itro w ith a xaccinia \ irus recombinant that encodes the bacteriophage T7 RNA 
polymerase. This poKmerase displays exquisite specificity in that it only transcribes 
templates bearing T7 promoters. Following infection, cells are transfected with the 
polynucleotide or polynucleotides of interest, dri\'en by a T7 promoter. The polymerase 

10 expressed in the cytoplasm from the \'accinia virus recombinant transcribes the transfected 
DNA into RNA which is then translated into polypeptide by the host translational 
machinery. The method provides for high level, transient, cytoplasmic production of large 
quantities of RNA and its translation products. See, e.g.. Elroy-Stein and Moss, Proc. Natl 
Acad. Sci. USA (1990) 87:6743-6747; Fuerst et ah Proc. Natl. Acad. Sci. USA (1986) 

15 83:8122-8126. 

Alternatively, avipoxviruses, such as the fow^lpox and canarypox viruses, 
can also be used to deliver the coding sequences of interest. Recombinant avipox viruses, 
expressing immunogens from mammalian pathogens, are known to confer protective 
immunity when administered to non-avian species. The use of an Avipox vector is 

20 particularly desirable in human and other mammalian species since members of the Avipox 
genus can only productively replicate in susceptible avian species and therefore are not 
infective in mammalian cells. Methods for producing recombinant Avipoxviruses are 
known in the art and employ genetic recombination, as described above with respect to the 
production of vaccinia viruses. See, e.^., WO 91/12882; WO 89/03429; and WO 92/03545. 

25 Any of a number of alphavirus vectors can also be used for delivery of 

polynucleotide compositions of the present invention, such as those vectors described in 
U.S. Patent Nos. 5.843,723; 6,015,686; 6,008,035 and 6,015,694. Certain vectors based on 
Venezuelan Equine Encephalitis (VEE) can also be used, illustrative examples of which 
can be found in U.S. Patent Nos. 5,505,947 and 5.643,576. 
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Moreover, molecular conjugate \eclors. such as the adeno\irus chimeric 
vectors described in Michael et al, J. Biol. Chem. (1993) 26S;6S66-6869 and Wagner et al. 
Proc. Natl. Acad. Sci. I SA (1992) 89:()()99-61 03. can also be used lor gene deliver\' under 
the in\ ention. 

5 Additional illustrative information on these and other known viral-based 

deliven,' systems can be found, for example, in Fisher-Hoch et al.. Proc. Sail. Acad. Sci. 
I S.4 (SY):317-321. 1989; Flexner et al.. Am. A'.). .Acad. Sci. 569:86-103, 1989; Flexner et 
al.. Vaccine S.\l-2\. 1990; U.S. Patent Nos. 4.603.1 1 2. 4.769.330. and 5,017,487; 
WO 89 01973; U.S. Patent No. 4.777.127; GB 2.200,651; EP 0,345,242; WO91,'02805; 

10 Berkner, Biotcclmiqiies 6:616-627, 1988; Rosenfeld et al.. Science 252:431-434, 1991; 
KoUs et al., Proc. Natl. Acad. Sci. USA 9/ :2 15-2 19, 1994; Kass-Eisler et al., Proc. Natl. 
Acad. Sci. USA 90:11498-11502. 1993; Guzman et al.. Circulation 55:2838-2848, 1993; 
and Guzman et al.. Or. Res. 73:1202-1207, 1993. 

In certain embodiments, a polynucleotide may be integrated into the genome 

15 of a target cell. This integration may be in the specific location and orientation via 
homologous recombination (gene replacement) or it may be integrated in a random, non- 
specific location (gene augmentation). In yet further embodiments, the polynucleotide may 
be stably maintained in the cell as a separate, episomal segment of DNA. Such 
polynucleotide segments or "episomes" encode sequences sufficient to permit maintenance 

20 and replication independent of or in synchronization with the host cell cycle. The manner 
in which the expression construct is delivered to a cell and where in the cell the 
polynucleotide remains is dependent on the type of expression construct employed. 

In another embodiment of the invention, a polynucleotide is 
administered/delivered as "naked" DNA, for example as described in Ulmer et al., Science 

25 259:1745-1749, 1993 and reviewed by Cohen. Science 259:1691-1692, 1993. The uptake 
of naked DNA may be increased by coating the DNA onto biodegradable beads, which are 
efficiently transported into the cells. 

In still another embodiment, a composition of the present invention can be 
delivered via a particle bombardment approach, many of which have been described. In 
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one niustratn e example, gas-dru en part.cle accelerat.on can he ach.eN ed wuh devices such 
as those manufactured hy Powder,ect Phannaceut.cals PLC (Oxford. UK) and Powderject 
\ accmes Inc. (Madison. Wl). some examples of which are described in U.S. Patent Nos. 
5.846.796; 6.010.478; 5.865.796; 5.584.807; and EP Patem No. 0500 799. This approach 
offers a needle-free delivery approach wherein a drv- powder fomiulat.on of microscopic 
particles, such as polynucleotide or polypeptide particles, are accelerated to high speed 
within a helium gas jet generated by a hand held device, propelling the panicles into a 

target tissue of interest. 

in a related embodiment, other dex ices and methods that may be useful for 
^as-dnven needle-less injection of compositions of the present invention include those 
provided bv Bioject. Inc. (Portland. OR), some examples of which are described in U.S. 
Patent Nos. 4.790,824; 5,064.413; 5,312.335; 5.383,851; 5.399.163; 5,520,639 and 
5,993,412. 

According to another embodiment, the pharmaceutical compositions 
described herein will comprise one or more immunostimulants in addition to the 
immunogenic polynucleotide, polypeptide, antibody, T-cell and/or APC compositions of 
this invention. An immunostimulant refers to essentially any substance that enhances or 
potentiates an immune response (antibody and/or cell-mediated) to an exogenous antigen. 
One preferred type of immunostimulant comprises an adjuvant. Many adjuvants contain a 
substance designed to protect the antigen from rapid catabolism, such as aluminum 
hvdroxide or mineral oil, and a stimulator of immune responses, such as lipid A, Bortadella 
pertussis or Mxcohactennm tuberculosis derived proteins. Certain adjuvants are 
commercially available as. for example, Freund's Incomplete Adjuvam and Complete 
Adjuvant (Difco Laboratories, Detroit, MI); Merck Adjuvant 65 (Merck and Company, 
Inc.. Rahway. NJ); AS-2 (SmithKline Beecham, Philadelphia, PA); aluminum sahs such as 
aluminum hydroxide gel (alum) or aluminum phosphate; salts of calcium, iron or zinc; an 
insoluble suspension of acylated tyrosine; acylated sugars; cationically or anionically 
denvatized polysaccharides; polyphosphazenes; biodegradable microspheres; 
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monophosphonl lipid A and qiul A. Cytokines, such as GM-CSF. inlerleukm-2. -7. -12. 
and other like growth factors, may also be used as adjuvants. 

Withm certain embodiments of the in%ention. the adju%ant composition is 
preferably one that induces an immune response predominantly of the Thl type. High 

5 levels of Thl-type cylokines (e.g.. IFN-y. TNFa. IL-2 and lL-12) tend to favor the 
induction of cell mediated immune responses to an administered amigen. In contrast, high 
levels of Th2-type cytokines (e.g.. lL-4. lL-5. lL-6 and IL-IO) tend to favor the induction of 
humoral immune responses. Following application of a Naccine as provided herein, a 
patient will support an immune response that includes Thl- and Th2-lype responses. 

10 Within a preferred embodiment, in ^^•hich a response is predominantly Thl-type, the level 
of Thl-type cytokines will increase to a greater extent than the level of Th2-type cytokines. 
The levels of these cytokines may be readily assessed using standard assays. For a review 
of the families of cytokines, see Mosmann and Coffman, Ann. Rcr. Immunol. 7:145-173, 
1989. 

1 5 Certain preferred adjuvants for eliciting a predominantly Th 1 -type response 

include, for example, a combination of monophosphoryl lipid A, preferably 3-de-O- 
acylaled monophosphoryl lipid A. together with an aluminum salt. MPL^ adjuvants are 
available from Corixa Corporation (Seattle. WA; sec. for example. US Patem Nos. 
4,436,727; 4,877.611; 4,866,034 and 4,912,094). CpG-containing oligonucleotides (in 
20 which the CpG dinucleotide is unmethylated) also induce a predominantly Thl response. 
Such oligonucleotides are well known and are described, for example, in WO 96/02555, 
WO 99/33488 and U.S. Patent Nos. 6,008,200 and 5,856,462. Immunostimulatory DNA 
sequences are also described, for example, by Sato et al.. Science 275:352, 1996. Another 
preferred adjuvam comprises a saponin, such as Quil A, or derivatives thereof, including 
25 QS21 and QS7 (Aquila Biophamiaceuticals Inc.. Framingham. MA); Escin; Digitonin; or 
Gvpsoplula or Chenopodiinn quinoa saponins . Other preferred formulations include more 
than one saponin m the adjuvant combinations of the present invention, for example 
combinations of at least two of the following group comprising QS21, QS7, Qui! A, P- 
escin. or dieilonin. 
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AltematiNcly the saponin fomiulations may be combined with vaccine 
N chicles composed ot'chitosan or other polycationic polymers, polylactide and polylactide- 
co-glycolide particles. poh-N-acetxl gkicosamine-based polymer matrix, particles 
composed of polysaccharides or chemically modified polysaccharides, liposomes and lipid- 
based particles, particles composed of glycerol monoesters. etc. The saponins may also be 
fomiulated in the presence of cholesterol to fomi particulate structures such as liposomes or 
ISCOMs. Furthermore, the saponins may be fomuilated together u ith a polyoxyethylene 
ether or ester, in either a non-particulate solution or suspension, or in a particulate structure 
such as a paucilamelar liposome or ISCOM. The saponins may also be formulated with 
excipients such as Carbopol" to increase xiscosity. or may be fomuilated in a dry powder 
fomi with a pow der excipient such as lactose. 

In one preferred embodiment, the adjux ant system includes the combination 
of a monophosphoryl lipid A and a saponin derivative, such as the combination of QS21 
and 3D-MPL" adjuvant, as described in WO 94/00153, or a less reactogenic composition 
5 where the QS21 is quenched with cholesterol, as described in WO 96/33739. Other 
preferred formulations comprise an oil-in-water emulsion and tocopherol. Another 
particularly preferred adjuvant formulation employing QS21, 3D-MPL* adjuvant and 
tocopherol in an oil-in-water emulsion is described in WO 95/17210. 

Another enhanced adjuvant system involves the combination of a CpG- 
0 containing oligonucleotide and a saponin derivative particularly the combination of CpG 
and QS21 is disclosed in WO 00/09159. Preferably the formulation additionally comprises 
an oil in water emulsion and tocopherol. 

Additional illustrative adjuvants for use in the pharmaceutical compositions 
of the invention include Montanide ISA 720 (Seppic. France), SAF (Chiron, California, 
5 United States), ISCOMS (CSL), MF-59 (Chiron), the SBAS series of adjuvants (e.g.. 
SBAS-2 or SBAS-4. available from SmithKline Beecham, Rixensart, Belgium), Detox 
(Enhanzyn') (Corixa. Hamilton. MT), RC-529 (Corixa. Hamilton, MT) and other 
aminoalkyl glucosaminide 4-phosphates (AGPs). such as those described in pending U.S. 
Patent Application Serial Nos. 08 853.826 and 09 074.720, the disclosures of which are 
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incon^orated herein by reference m the.r entireties, and polyox> ethylene ether adjuvants 
such as those described in WO 99 52549A1 , 

Other prcterrcd adjuN ants include adjuvant molecules of the general fonnula 

(1); HO(CH:CH:OK-.VR. 
5 wherein, n is 1-50. A is a bond or C(0)-. R is alkyl or Phenyl C,. alkyl. 

One embodiment of the present invention consists of a x accine formulation 
compnsmg a polyoxyethylene ether of general formula (1). wherein /; is between 1 and 50. 
preferably 4-24. most preferably 9; the R component is C,.,. preferably C,-C,, alkyl and 
most preferably C,, alkyl. and A is a bond. The concentration of the polyoxyethylene ethers 
10 should be in the range 0.1-20%, preferably from 0.1-10" o. and most preferably in the range 
0.1-1%. Preferred polyoxyethylene ethers are selected from the following group: 
polyoxyethylene-9-lauryl ether. polyoxyethylene-9-steor>'l ether, polyoxyethylene-8-steoryl 
ether, polyoxyethylene-4-lauryl ether, polyoxyethylene-35-lauryl ether, and 
polyoxyethylene-23-laur>'l ether. Polyoxyethylene ethers such as polyoxyethylene lauryi 
15 ether are described in the Merck index (12'" edition: entry 7717). These adjuvant molecules 

are described in WO 99 52549. 

The polyoxyethylene ether according to the general fomiula (I) above may, 
if desired, be combined with another adjuvant. For example, a preferred adjuvant 
combination ,s preferably with CpG as described in the pending UlC patent application GB 
20 9820956.2. 

According to another embodiment of this invention, an immunogenic 
composition described herein is delivered to a host via antigen presenting cells (APCs), 
such as dendritic cells, macrophages, B cells, monocytes and other cells that may be 
engineered to be efficient APCs. Such cells may. but need not, be genetically modified to 
25 increase the capacity for presenting the antigen, to improve activation and/or maintenance 
of the T cell response, to have anti-tumor effects per se and/or to be immunologically 
compatible with the receiver (/.e. matched HLA haplotype). APCs may generally be 
isolated from any of a variety of biological fiuids and organs, including tumor and 
peritumoral tissues, and may be autologous, allogeneic, syngeneic or xenogeneic cells. 
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Certain prercrred embodiments of the present uiN eniion use dendritic cells or 
progenitors thereof as amigen-presenting cells. Dendritic cells are highl> potent APCs 
(Banchereau and Steinman. Waure 392:2A5-25\. 1998) and have been shown to be 
elTectuc as a ph>siological adjuvant for eliciting prophylactic or therapeutic antitumor 
5 immunity (.v.. Timmenmm and Levy. Ann. Rev. Med. 50:507-529. 1999). In general, 
dendritic cells may be identified based on their typical shape (stellate ,n sin<. with marked 
cytoplasmic processes (dendrites) visible /. utro), their ability to take up. process and 
present antigens with high efficiency and their ability to activate naive T cell responses. 
Dendritic cells may. of course, be engineered to express specific cell-surface receptors or 
10 ligands that are not commonly found on dendritic cells in vivo or e.x vivo, and such 
modified dendritic cells are contemplated by the present invention. As an alternative to 
dendritic cells, secreted vesicles antigen-loaded dendritic cells (called exosomes) may be 
used within a vaccine (sec Zitvogel et al. Nature Med. ^:594-600. 1998). 

Dendritic cells and progenitors may be obtained from peripheral blood, bone 
1 5 marrow, tumor-infiltrating cells, pentumoral tissues-infiltrating cells, lymph nodes, spleen, 
skin, umbilical cord blood or any other suitable tissue or fiuid. For example, dendritic cells 
may be differentiated ex vivo by adding a combination of cytokines such as GM-CSF, IL-4, 
lL-13 and/or TNFa to cultures of monocytes harvested from peripheral blood. 
Alternatively, CD34 positive cells harvested from peripheral blood, umbilical cord blood or 
20 bone marrow may be differentiated into dendritic cells by adding to the culture medium 
combinations of GM-CSF, IL-3, TNFa, CD40 ligand, LPS, flt3 ligand and/or other 
compound(s) that induce differenUation, maturation and proliferation of dendritic cells. 

Dendritic cells are convemently categorized as "immature" and "mature" 
cells, which allows a simple way to discriminate between two well characterized 
25 phenotypes. However, this nomenclature should not be construed to exclude all possible 
inten-nediate stages of differentiation. Immature dendritic cells are characterized as APC 
^^nh a high capacity for antigen uptake and processing, which correlates with the high 
expression of Fey receptor and mannose receptor. The mature phenotype is typically 
characterized by a lower expression of these markers, but a high expression of cell surface 
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molecules responsible for T cell acti\ation such as class 1 and class 11 MHC. adhesion 
molecules (e.g.. CD54 and CDl 1) and costimulatory molecules {e.g.. CD4(). CD80, CD86 
and 4- IBB). 

APCs may generally be transfccted with a polynucleotide of the invention 

5 (or portion or other variant thereof) such that the encoded polypeptide, or an immunogenic 
portion thereof, is expressed on the cell surface. Such transfection may take place ev vivo, 
and a phamiaceutical composition comprising such transfected cells may then be used for 
therapeutic purposes, as described herein. Alternatively, a gene delivery vehicle that 
targets a dendritic or other antigen presenting cell may be administered to a patient. 

10 resulting in transfection that occurs i?i vivo. In vivo and c.x vivo transfection of dendritic 
cells, for example, may generally be performed using any methods known in the art. such 
as those described in WO 97/24447, or the gene gun approach described by Mahvi et al., 
Inwuowlogy ami cell Biology 75:456-460, 1997. Antigen loading of dendritic cells may be 
achieved by incubating dendritic cells or progenitor cells with the tumor polypeptide, DNA 

15 (naked or within a plasmid vector) or RNA; or with antigen-expressing recombinant 
bacterium or viruses (e.g.. vaccinia, fowlpox, adenovirus or lentivirus vectors). Prior to 
loading, the polypeptide may be covalently conjugated to an immunological partner that 
provides T cell help (e.g.. a carrier molecule). Alternatively, a dendritic cell may be pulsed 
with a non-conjugated immunological partner, separately or in the presence of the 

20 polypeptide. 

While any suitable carrier known to those of ordinary skill in the art may be 
employed in the phamiaceutical compositions of this invention, the type of carrier will 
typically vary depending on the mode of administration. Compositions of the present 
in\ ention may be fomiulated for any appropriate manner of administration, including for 
25 example, topical, oral, nasal, mucosal, intravenous, intracranial, intraperitoneal, 
subcutaneous and intramuscular administration. 

Carriers for use w ithin such pharmaceutical compositions are biocompatible, 
and may also be biodegradable. In certain embodiments, the formulation preferably 
pro\ ides a relati\ely constant level of active component release. In other embodiments. 



:i()121.419C10 




ho\\e\ er, a more rapid rale of release immediatel>' upon admiiiisiration ma\' be desired. 
The formulation of such compositions is w ell w ithin the le\'el of ordinar\' skill in the art 
using know n techniques. Illustratixe carriers useful in this regard include microparticles of 
pol\(lactide-co-ulycolide). pol>acr\iate, latex, starch, cellulose, dextran and the like. 
5 Other illustrati\e dela\ed-release carriers include supramolecular biovectors, which 
comprise a non-liquid hydrophilic core {e.g., a cross-hnked polysaccharide or 
oligosaccharide) and, optionally, an external layer comprising an amphiphilic compound, 
such as a phospholipid (see e.g., U.S. Patent No. 5,15K254 and PCT applications WO 
94 20078, WO 94 23701 and W^O 96 06638). The amount of acli\ e compound contained 
10 w ithin a sustained release formulation depends upon the site of implantation, the rate and 
expected duration of release and the nature of the condition to be treated or prevented. 



polylactate polyglycolate) are employed as carriers for the compositions of this invention. 
Suitable biodegradable microspheres are disclosed, for example, in U.S. Patent 

15 Nos. 4,897,268; 5,075,109; 5,928,647; 5,811,128; 5,820,883; 5,853,763; 5,814,344, 
5,407,609 and 5,942,252. Modified hepatitis B core protein carrier systems, such as 
described in WO/99 40934, and references cited therein, will also be useful for many 
applications. Another illustrative carrier/delivery system employs a carrier comprising 
particulate-protein complexes, such as those described in U.S. Patent No. 5,928,647, which 

20 are capable of inducing a class I-restricted cytotoxic T lymphocyte responses in a host. 



comprise one or more buffers {e.g., neutral buffered saline or phosphate buffered saline), 
carbohydrates {e.g., glucose, mannose, sucrose or dextrans), mannitol, proteins, 
polypeptides or amino acids such as glycine, antioxidants, bacteriostats, chelating agents 
25 such as EDTA or glutathione, adjuvants {e.g.. aluminum hydroxide), solutes that render the 
formulation isotonic, hypotonic or weakly hypertonic with the blood of a recipient, 
suspending agents, thickening agents and/or preservatives. Alternatively, compositions of 
the present invention may be fomuilated as a lyophilizate. 



In another illustrative embodiment, biodegradable microspheres {e.g., 



The pharmaceutical compositions of the invention will often further 
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The phamiacculical compositions described herein ma\' be presented in unit- 
dose or nnilti-dose containers, such as sealed ampoules or \ials. Such containers are 
t\'picall\' sealed in such a w ay to preser\ e the sterility and stabilitx' of the formulation until 
use. In general, formulations may be stored as suspensions, solutions or emulsions in oily 
5 or aqueous \ehicles. Ahemati\el\', a phamiaceutical composition may be stored in a 
freeze-dried condition requiring only the addition of a sterile liquid carrier immediately 
prior to use. 

The dex elopment of suitable dosing and treatment regimens for using the 
particular compositions described herein in a variety of treatment regimens, including e.g., 
10 oral, parenteral, intrax enous, intranasal, and intramuscular administration and formulation, 
is well known in the art, some of which are briefly discussed below for general purposes of 
illustration, 

\n certain applications, the pharmaceutical compositions disclosed herein 
may be delivered via oral administration to an animal. As such, these compositions may be 

15 fomiulated with an inert diluent or with an assimilable edible carrier, or they may be 
enclosed in hard- or soft-shell gelatin capsule, or they may be compressed into tablets, or 
they may be incorporated directly with the food of the diet. 

The active compounds may even be incorporated with excipients and used 
in the fomi of ingestible tablets, buccal tables, troches, capsules, elixirs, suspensions, 

20 syrups, wafers, and the like (see, for example, Mathiowitz et ciL, Nature 1997 Mar 
27;386(6623):410-4; Hwang et ciL, Crit Rev Ther Drug Carrier Syst 1998;15(3):243-84; U. 
S. Patent 5,641,515; U. S. Patent 5,580,579 and U. S. Patent 5,792,451). Tablets, troches, 
pills, capsules and the like may also contain any of a variety of additional components, for 
example, a binder, such as gum tragacanth, acacia, cornstarch, or gelatin; excipients, such 

25 as dicalcium phosphate; a disintegrating agent, such as com starch, potato starch, alginic 
acid and the like; a lubricant, such as magnesium stearate; and a sweetening agent, such as 
sucrose, lactose or saccharin may be added or a flavoring agent, such as peppermint, oil of 
wintergreen, or cherr\' flavoring. When the dosage unit fomi is a capsule, it may contain, 
in addition to materials of the above type, a liquid carrier. Various other materials may be 
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present as coalings or to otherwise modity the physical Ibmi of the dosage unit. For 
instance, tablets, pills, or capsules ma\ be coated with shellac, sugar, or both. Of course, 
any material used in preparing an\' dosage unit fomi should be phamiaceutically pure and 
substantially non-toxic in the amounts employed. In addition, the acti\e compounds mav 
5 be incoiporated into sustained-release preparation and formulations. 

Typically, these fomnilations will contain at least about O.To of the active 
compound or more, although the percentage of the acti\'e ingredient(s) may, of course, be 
N'aricd and may con\ cnientl>' be between about 1 or 2**o and about 60% or 70% or more of 
the weight or xolume of the total formulation. Naturally, the amount of active 

1 0 compound(s) in each therapeutically useful composition may be prepared is such a way that 
a suitable dosage will be obtained in any given unit dose of the compound. Factors such as 
solubility, bioavailability, biological half-life, route of administration, product shelf hfe, as 
well as other phamiacological considerations will be contemplated by one skilled in the art 
of preparing such phamiaceutical fomiulations, and as such, a variety of dosages and 

1 5 treatment regimens may be desirable. 

For oral administration the compositions of the present invention may 
alternatively be incorporated with one or more excipients in the form of a mouthwash, 
dentifrice, buccal tablet, oral spray, or sublingual orally-administered formulation. 
Altematively, the active ingredient may be incorporated into an oral solution such as one 

20 containing sodium borate, glycerin and potassium bicarbonate, or dispersed in a dentifrice, 
or added in a therapeutically-effective amount to a composition that may include water, 
binders, abrasives, flavoring agents, foaming agents, and humectants. Altematively the 
compositions may be fashioned into a tablet or solution fomi that may be placed under the 
tongue or otherwise dissolved in the mouth. 

25 \n certain circumstances it will be desirable to deliver the pharmaceutical 

compositions disclosed herein parenterally, intra\enously, intramuscularly, or even 
intraperitoneally. Such approaches are well known to the skilled artisan, some of w^hich are 
further described, for example, in U. S. Patent 5,543,158; U. S. Patent 5,641,515 and U. S. 
Patent 5.399,363. In certain embodiments, solutions of the active compounds as free base 
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or pharniacologicaIl> acceptable salts nia\' be prepared in water SLiitabl\" mixed with a 
surfactant, such as h\dro\\'prop\icellulose. Dispersions ma\' also be prepared in glycerol, 
liquid polx ethylene gl> cols, and mixtures thereof and in oils. Under ordinar\' conditions of 
storage and use. these preparations generalK' will contain a preser\"ati\'e to prevent the 
5 grow th of microorganisms. 

Illustrati\e pharmaceutical fomis suitable for injectable use include sterile 
aqueous solutions or dispersions and sterile powders for the extemporaneous preparation of 
sterile injectable solutions or dispersions (for example, see U. S. Patent 5,466,468). hi all 
cases the form must be sterile and must be tluid to the extent that easy syringability exists. 

10 It must be stable under the conditions of manufacture and storage and must be preserv'ed 
against the contaminating action of microorganisms, such as bacteria and fungi. The 
carrier can be a sohent or dispersion medium containing, for example, water, ethanol, 
polyol {e.g., glycerol, propylene glycol, and liquid polyethylene glycol, and the like), 
suitable mixtures thereof, and/or vegetable oils. Proper fluidity may be maintained, for 

15 example, by the use of a coating, such as lecithin, by the maintenance of the required 
particle size in the case of dispersion md/or by the use of surfactants. The prevention of 
the action of microorganisms can be facilitated by various antibacterial and antifungal 
agents, for example, parabens, chlorobutanol, phenol sorbic acid, thimerosal, and the like. 
In many cases, it will be preferable to include isotonic agents, for example, sugars or 

20 sodium chloride. Prolonged absorption of the injectable compositions can be brought about 
by the use in the compositions of agents delaying absorption, for example, aluminum 
monostearate and gelatin. 

In one embodiment, for parenteral administration in an aqueous solution, the 
solution should be suitably buffered if necessary and the liquid diluent first rendered 

25 isotonic with sufficient saline or glucose. These particular aqueous solutions are especially 
suitable for intravenous, intramuscular, subcutaneous and intraperitoneal administration. In 
this connection, a sterile aqueous medium that can be employed will be known to those of 
skill in the art in light of the present disclosure. For example, one dosage may be dissolved 
in 1 ml of isotonic NaCI solution and either added to 1000 ml of hypodemioclysis fluid or 
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injected at the proposed site of infusion, (see for example. "Remington's Pharmaceutical 
Sciences" 15th Edition, pages 1035-1038 and 1570-1580). Some \ariation m dosage will 
necessarih' occur depending on the condition of the subject being treated. Moreover, for 
human administration, preparations w ill of course preferably meet sterility, pyrogenicity, 
5 and the general safety and purity standards as required b\' FDA Office of Biologies 
standards. 

hi another embodiment of the in\ ention. the compositions disclosed herein 
may be fomiulated in a neutral or salt fonn. Illustrative phamiaceutically-acceptable salts 
include the acid addition salts (fomied with the free amino groups of the protein) and which 

10 are fomicd with inorganic acids such as, for example, hydrochloric or phosphoric acids, or 
such organic acids as acetic, oxalic, tartaric, mandelic, and the like. Salts formed with the 
free carboxyl groups can also be derived from inorganic bases such as, for example, 
sodium, potassium, ammonium, calcium, or ferric hydroxides, and such organic bases as 
isopropylamine, trimethylamine, histidine, procaine and the like. Upon formulation, 

15 solutions will be administered in a manner compatible with the dosage formulation and in 
such amount as is therapeutically effective. 

The carriers can further comprise any and all solvents, dispersion media, 
vehicles, coatings, diluents, antibacterial and antifungal agents, isotonic and absorption 
delaying agents, buffers, carrier solutions, suspensions, colloids, and the like. The use of 

20 such media and agents for pharmaceutical active substances is well known in the art. 
Except insofar as any conventional media or agent is incompatible with the active 
ingredient, its use in the therapeutic compositions is contemplated. Supplementary active 
ingredients can also be incorporated into the compositions. The phrase 
"pharmaceutically-acceptable" refers to molecular entities and compositions that do not 

25 produce an allergic or similar untoward reaction wlien administered to a human. 

In certain embodiments, the phamiaceutical compositions may be delivered 
by intranasal sprays, inhalation, and or other aerosol delivery^ vehicles. Methods for 
deli\'ering genes, nucleic acids, and peptide compositions directly to the lungs via nasal 
aerosol sprays has been described, e.g., in U. S. Patent 5,756,353 and U. S. Patent 
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5-804,212. Likew ise, the deliv er} of drugs usinu intranasal microparticle resins (Takenaga 
ci ill.. J Controlled Release 1998 Mar 2:52(]-2):Sl-'') and lysophosphatidyi-glycerol 
compounds (U. S. Patent 5,725.871) are also well-known in the phamiaceutical arts. 
Likew ise, illustrativ e transnnicosal drug deli\ er\- m the fomi of a polMetranuoroelheylene 
5 support matrix is described in L'. S. Patent 5.780,045. 

In certain embodiments, liposomes, nanocapsules, microparticles, lipid 
particles, v esicles, and the like, are used for the introduction of the compositions of the 
present in\ ention into suitable host cells organisms. In particular, the compositions of the 
present in\ ention may be fomuilated for deliver)' either encapsulated in a lipid particle, a 

10 liposome, a vesicle, a nanosphere, or a nanoparticle or the like. Alternatively, compositions 
of the present invention can be bound, either covalently or non-covalently, to the surface of 
such carrier vehicles. 

The formation and use of liposome and liposome-like preparations as 
potential drug carriers is generally know n to those of skill in the art (see for example, Lasic, 

15 Trends Biotechnol 1998 Jul;16(7):307-21 ; Takakura, Nippon Rinsho 1998 Mar;56(3):691- 
5; Chandran et ciL. Indian J Exp Biol. 1997 Aug;35(8):801-9; Margalit, Crit Rev Ther Drug 
Carrier Syst. 1995;12(2-3):233-61 ; U.S. Patent 5,567,434; U.S. Patent 5,552,157; U.S. 
Patent 5,565,213; U.S. Patent 5,738,868 and U.S. Patent 5,795,587, each specifically 
incorporated herein by reference in its entirety). 

20 Liposomes have been used successfully w ith a number of cell types that are 

nomially difficult to transfect by other procedures, including T cell suspensions, primary 
hepatocyte cultures and PC 12 cells (Renneisen et oL, J Biol Chem. 1990 Sep 
25;265(27):16337-42; Muller et al. DNA Cell Biol. 1990 Apr;9(3):221-9). In addition, 
liposomes are free of the DNA length constraints that are typical of viral-based delivery 

25 systems. Liposomes have been used effectively to introduce genes, various drugs, 
radiotherapeutic agents, enzymes, viruses, transcription factors, allosteric effectors and the 
like, into a variety of cultured cell lines and animals. Furthermore, he use of liposomes 
does not appear to be associated with autoimmune responses or unacceptable toxicity after 
systemic delivery. 
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In certain cmbodimenis, liposomes are tbmicd from phospholipids that arc 
dispersed in an aqueous medium and spontaneously fonn multilamellar concentric bilayer 
\esicles (also temied multilamellar \esicles (MLX's). 

Alternati\el>', in other embodiments, the in\ention provides for 
5 phamiaceutically-acceptable nanocapsule fomnilations of the compositions of the present 
in\'ention. Nanocapsules can generalK' entrap compounds in a stable and reproducible way 
(see, for example, Quintanar-Guerrero er ai. Drug Dev Ind Phami. 1998 Dec;24(12):l 1 13- 
28). To avoid side effects due to intracellular polymeric overloading, such ultrafine 
particles (sized around 0.1 [vm] may be designed using polymers able to be degraded /// 
10 VIVO. Such particles can be made as described, for example, by Couvreur et ciL, Crit Rev 
Ther Drug Carrier Syst. 1988;5(l):l-20; zur Muhlen et ciL. Eur J Phami Biopharm. 1998 
Mar;45(2):149-55; Zambaux et ciL J Controlled Release. 1998 Jan 2;50( l-3):31-40; and U. 
S. Patent 5,145,684. 



Cancer Therapeutic Methods 

1 5 In further aspects of the present invention, the pharmaceutical compositions 

described herein may be used for the treatment of cancer, particularly for the 
immunotherapy of breast cancer. Within such methods, the phamiaceutical compositions 
described herein are administered to a patient, typically a wami-blooded animal, preferably 
a human. A patient may or may not be afflicted with cancer. Accordingly, the above 

20 pharmaceutical compositions may be used to prevent the development of a cancer or to 
treat a patient afflicted with a cancer. Pharmaceutical compositions and vaccines may be 
administered either prior to or following surgical removal of primary tumors and/or 
treatment such as administration of radiotherapy or conventional chemotherapeutic drugs. 
As discussed above, administration of the phamiaceutical compositions may be by any 

25 suitable method, including administration by intravenous, intraperitoneal, intramuscular, 
subcutaneous, intranasal, intradermal anal, vaginal, topical and oral routes. 

Within certain embodiments, immunotherapy may be active 
immunotherapy, in which treatment relies on the in rivo stimulation of the endogenous host 
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immune s\stcm to react against tumors with the administration of immune response- 
modifving agents {such as pohpeptides and poKnucleotides as provided herein). 

Within other embodiments, immunotherap\' may be passixe 
immunotherapv'. in w hich treatment involves the dehver\- of agents w ith estabhshed tumor- 
5 immune reaclivitx' (such as effector cells or antibodies) that can directly or indirectly 
mediate antitumor effects and does not necessarily depend on an intact host immune 
system. Examples of effector cells include T cells as discussed above, T lymphocytes 
(such as CDS c\totoxic T lymphocytes and CD4' T-helper tumor-infiltrating 
lvmphoc\1es), killer cells (such as Natural Killer cells and lymphokine-activated killer 

10 cells), B cells and antigen-presenting cells (such as dendritic cells and macrophages) 
expressing a polypeptide pro\'ided herein. T cell receptors and antibody receptors specific 
for the polypeptides recited herein may be cloned, expressed and transferred into other 
vectors or effector cells for adoptive immunotherapy. The polypeptides provided herein 
may also be used to generate antibodies or anti-idiotypic antibodies (as described above 

15 and in U.S. Patent No. 4,918,164) for passive immunotherapy. 

Effector cells may generally be obtained in sufficient quantities for adoptive 
immunotherapy by growth in vitro, as described herein. Culture conditions for expanding 
single antigen-specific effector cells to several billion in number with retention of antigen 
recognition in vivo are well known in the art. Such /// vitro culture conditions typically use 

20 intemiittent stimulation with antigen, often in the presence of cytokines (such as IL-2) and 
non-dividing feeder cells. As noted above, immunoreactive polypeptides as provided 
herein may be used to rapidly expand antigen-specific T cell cultures in order to generate a 
sufficient number of cells for immunotherapy. In particular, antigen-presenting cells, such 
as dendritic, macrophage, monocyte, fibroblast and/or B cells, may be pulsed with 

25 immunoreactive polypeptides or transfected with one or more polynucleotides using 
standard techniques well known in the art. For example, antigen-presenting cells can be 
transfected w ith a polynucleotide having a promoter appropriate for increasing expression 
in a recombinant \irus or other expression system. Cultured effector cells for use in 
therapy must be able to grow and distribute widely, and to sur\*ive long term in vivo. 
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Studies ha\e shown that cultured effector cells can be mduced to grow in vivo and to 
sur\]\e long tenn in substantial numbers by repeated stimulation with antigen 
supplemented with lL-2 (sct\ for example, Chee\er et al.. Immunological Reviews 
1997). 

5 Altemati\ely, a \ector expressing a poKpeptide recited herein may be 

introduced into antigen presenting cells taken from a patient and clonally propagated ex 
vivo for transplant back into the same patient. Transfccted cells may be reintroduced into 
the patient using any means known in the art, preferably in sterile fomi by intravenous, 
intraca\'itary, intraperitoneal or intratumor administration. 

10 Routes and frequency of administration of the therapeutic compositions 

described herein, as well as dosage, will \'ar\^ from individual to indi\idual, and may be 
readily established using standard techniques. In general the pharmaceutical compositions 
and \'accines may be administered by injection (e.g., intracutaneous, intramuscular, 
intravenous or subcutaneous), intranasally (e.g., by aspiration) or orally. Preferably, 

15 between 1 and 10 doses may be administered over a 52 w^eek period. Preferably, 6 doses 
are administered, at intervals of 1 month, and booster vaccinations may be given 
periodically thereafter. Alternate protocols may be appropriate for individual patients. A 
suitable dose is an amount of a compound that, when administered as described above, is 
capable of promoting an anti-tumor immune response, and is at least 10-50% above the 

20 basal (i.e., untreated) level. Such response can be monitored by measuring the anti-tumor 
antibodies in a patient or by vaccine-dependent generation of cytolytic effector cells 
capable of killing the patient's tumor cells in vitro. Such vaccines should also be capable 
of causing an immune response that leads to an improved clinical outcome (e.g., more 
frequent remissions, complete or partial or longer disease-free survival) in vaccinated 

25 patients as compared to non-vaccinated patients. In general, for pharmaceutical 
compositions and \accines comprising one or more polypeptides, the amount of each 
polypeptide present in a dose ranges from about 25 |.ig to 5 mg per kg of host. Suitable 
dose sizes will \ ar\' with the size of the patient, but w ill typically range from about 0.1 mL 
to about 5 mL. 
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In general, an appropriate dosage and treatment regunen prox ides the actix e 
conipoiind(s) m an amount suffieient to provide therapeutic and or prophylactic benefit. 
Such a response can be monitored by establishing an unproved clinical outcome (e.g.. more 
trequent remissions, complete or partial, or longer disease-free sur\'i\ al) in treated patients 
5 as compared to non-treated patients. Increases in preexisting immune responses to a tumor 
protein generally correlate with an improved clinical outcome. Such immune responses 
mav generally be e\aluated using standard proliferation, cytotoxicity or cytokine assays, 
w hich ma\- be perfomied using samples obtained from a patient before and after treatment. 

Cancer Detection and Dia.unostic Compositions, Methods and Kits 

10 hi general a cancer may be detected in a patient based on the presence of 

one or more breast tumor proteins and/or polynucleotides encoding such proteins in a 
biological sample (for example, blood, sera, sputum urine and/or tumor biopsies) obtained 
from the patient, in other words, such proteins may be used as markers to indicate the 
presence or absence of a cancer such as breast cancer, hi addition, such proteins may be 

15 useful for the detection of other cancers. The binding agents provided herein generally 
pemiit detection of the level of antigen that binds to the agent in the biological sample. 
Polynucleotide primers and probes may be used to detect the level of mRNA encoding a 
tumor protein, which is also indicative of the presence or absence of a cancer. In general, a 
breast tumor sequence should be present at a level that is at least three fold higher in tumor 

20 tissue than in nonnal tissue 

There are a variety of assay formats know^n to those of ordinary skill in the 
art for using a binding agent to detect polypeptide markers in a sample. Sec. e.g., Harlow^ 
and Lane, Antibodies: A Lahoratofj Mamiai Cold Spring Harbor Laboratory, 1988. In 
general, the presence or absence of a cancer in a patient may be determined by (a) 

25 contacting a biological sample obtained from a patient with a binding agent; (b) detecting 
in the sample a level of polypeptide that binds to the binding agent; and (c) comparing the 
lex el of polypeptide with a predetennined cut-off value. 
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In a preferred embodiment, the assa\' in\x')l\es the use of binding agent 
mimobih/ed on a solid support to bmd to and remo\'e the polypeptide from the remainder 
of the sample. The bound polypeptide may then be detected using a detection reagent that 
contains a reporter group and specificalh' binds to the binding agent polypeptide complex. 
Such detection reagents ma\' comprise, for example, a binding agent that specifically binds 
to the polypeptide or an antibody or other agent that specificalh' binds to the binding agent, 
such as an anti-immunoglobulin, protein G, protein A or a lectin. Alternatively, a 
competitive assay ma>' be utilized, in which a polypeptide is labeled with a reporter group 
and allow ed to bind to the immobihzed binding agent after incubation of the binding agent 

10 with the sample. The extent to which components of the sample inhibit the binding of the 
labeled polypeptide to the binding agent is indicatix e of the reacti\'ity of the sample with 
the immobilized binding agent. Suitable polypeptides for use within such assays include 
full length breast tumor proteins and polypeptide portions thereof to which the binding 
agent binds, as described above. 

15 The solid support may be any material known to those of ordinary skill in 

the art to which the tumor protein may be attached. For example, the solid support may be 
a test well in a microliter plate or a nitrocellulose or other suitable membrane. 
Alternatively, the support may be a bead or disc, such as glass, fiberglass, latex or a plastic 
material such as polystyrene or polyvinylchloride. The support may also be a magnetic 

20 particle or a fiber optic sensor, such as those disclosed, for example, in U.S. Patent 
No. 5,359,681. The binding agent may be immobilized on the solid support using a variety 
of techniques known to those of skill in the art, which are amply described in the patent and 
scientific literature. In the context of the present invention, the term "immobilization" 
refers to both nonco\'alent association, such as adsorption, and covalent attachment (which 

25 may be a direct linkage between the agent and functional groups on the support or may be a 
linkage by way of a cross-linking agent). Immobilization by adsorption to a well in a 
microtiter plate or to a membrane is preferred. In such cases, adsorption may be achieved 
by contacting the binding agent, in a suitable buffer, with the solid support for a suitable 
amount of time. The contact time \'aries with temperature, but is typically between about I 



86 



210121.419C10 




hour and about 1 day. In general, contactmg a well of a plastic microtiter plate (such as 
poK'stvrene or poly\m\ichloride) w ith an amount of binding agent ranging from about 
10 ng to about 10 ug. and preferably about 100 ng to about 1 ^g. is sufficient to immobilize 
an adequate amount of binding agent. 
5 Covalent attachment of binding agent to a solid support may generally be 

achieved by first reacting the support with a bifunctional reagent that w ill react with both 
the support and a functional group, such as a hydroxyl or amino group, on the binding 
agent. For example, the binding agent may be co\alently attached to supports having an 
appropriate polymer coating using ben/oquinone or by condensation of an aldehyde group 

10 on the support with an amine and an active hydrogen on the binding partner (sec\ e.g.. 
Pierce Immunotechnology Catalog and Handbook, 1991, at A12-A13). 

In certain embodiments, the assay is a two-antibody sandwich assay. This 
assay may be performed by first contacting an antibody that has been immobilized on a 
solid support, commonly the well of a microtiter plate, with the sample, such that 

15 polypeptides w ithin the sample are allowed to bind to the immobilized antibody. Unbound 
sample is then removed from the immobilized polypeptide-antibody complexes and a 
detection reagent (preferably a second antibody capable of binding to a different site on the 
polypeptide) containing a reporter group is added. The amount of detection reagent that 
remains bound to the solid support is then determined using a method appropriate for the 

20 specific reporter group. 

More specifically, once the antibody is immobilized on the support as 
described above, the remaining protein binding sites on the support are typically blocked. 
Any suitable blocking agent known to those of ordinary skill in the art, such as bovine 
serum albumin or Tween 20^"^^ (Sigma Chemical Co., St. Louis, MO). The immobilized 

25 antibody is then incubated with the sample, and polypepfide is allowed to bind to the 
antibody. The sample may be diluted w ith a suitable diluent, such as phosphate-buffered 
saline (PBS) prior to incubation. In general, an appropriate contact time (/>., incubation 
time) is a period of time that is sufficient to detect the presence of polypeptide within a 
sample obtained from an indi\'idual with breast cancer. Preferably, the contact time is 
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siifficienl to achiex c a le\ cl of binding thai is al least about 95" o of that achie\ed at 
equilibrium betw een bound and unbound polypeptide. Those of ordmary skill in the art 
w ill recogni/e that the time necessary to achie\ e equilibrium ma\' be readily determined by 
assa\ ing the le\ el of binding that occurs o\ er a period of time. At room temperature, an 
5 incubation time of about 30 minutes is generalh' sufficient. 

Unbound sample ma\' then be remo\ ed by washing the solid support with an 
appropriate buffer, such as PBS containing 0. l"o Tween 20 The second antibody, which 
contains a reporter group, may then be added to the solid support. Preferred reporter 
groups include those groups recited abo\'e. 

10 The detection reagent is then incubated with the immobilized antibody- 

polypeptide complex for an amount of time sufficient to detect the bound polypeptide. An 
appropriate amount of time may generally be detemiined by assaying the level of binding 
that occurs over a period of time. Unbound detection reagent is then removed and bound 
detection reagent is detected using the reporter group. The method employed for detecting 

15 the reporter group depends upon the nature of the reporter group. For radioactive groups, 
scintillation counting or autoradiographic methods are generally appropriate. 
Spectroscopic methods may be used to detect dyes, luminescent groups and fluorescent 
groups. Biotin may be detected using a\'idin, coupled to a different reporter group 
(commonly a radioactive or fluorescent group or an enzyme). Enzyme reporter groups may 

20 generally be detected by the addition of substrate (generally for a specific period of time), 
followed by spectroscopic or other analysis of the reaction products. 

To determine the presence or absence of a cancer, such as breast cancer, the 
signal detected from the reporter group that remains bound to the solid support is generally 
compared to a signal that corresponds to a predetermined cut-off value. In one preferred 

25 embodiment, the cut-off value for the detection of a cancer is the average mean signal 
obtained when the immobilized antibody is incubated with samples from patients without 
the cancer. In general, a sample generating a signal that is three standard deviations above 
the predetermined cut-off value is considered positi\ e for the cancer. In an alternate 
preferred embodiment, the cut-off \'alue is detemiined using a Receiver Operator Cur\x, 
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according to the method ot^ Sackctt et al.. Clniu\il Epidemiology: A Basic Science for 
Clinical Medicine. Little Brown and Co., 1985, p. 100-7. BrictlN'. in this embodiment, the 
cut-off \ alLie ma\' be detemiined from a plot of pairs of true positi\ e rates (i.e.. sensiti\'ity) 
and false positi\e rates ( HKl'^o-specificit)') that correspond to each possible cut-off value for 
5 the diagnostic test result. The cut-off value on the plot that is the closest to the upper left- 
hand comer {i.e.. the \ alue that encloses the largest area) is the most accurate cut-off value, 
and a sample generating a signal that is higher than the cut-off \ alue determined by this 
method may be considered positi\'e. Altematixely, the cut-off \'alue may be shifted to the 
left along the plot, to minimize the false positive rate, or to the right, to minimize the false 

10 negati\'e rate. In general a sample generating a signal that is higher than the cut-off value 
detennined by this method is considered positix e for a cancer. 

In a related embodiment, the assay is perfomied in a flow-through or strip 
test fonnal, wherein the binding agent is immobilized on a membrane, such as 
nitrocellulose. In the flow-through test, polypeptides within the sample bind to the 

15 immobilized binding agent as the sample passes through the membrane. A second, labeled 
binding agent then binds to the binding agent-polypeptide complex as a solution containing 
the second binding agent flows through the membrane. The detection of bound second 
binding agent may then be performed as described above. In the strip test format, one end 
of the membrane to which binding agent is bound is immersed in a solution containing the 

20 sample. The sample migrates along the membrane through a region containing second 
binding agent and to the area of immobilized binding agent. Concentration of second 
binding agent at the area of immobilized antibody indicates the presence of a cancer. 
Typically, the concentration of second binding agent at that site generates a pattern, such as 
a line, that can be read visually. The absence of such a pattern indicates a negative result, 

25 In general the amount of binding agent immobilized on the membrane is selected to 
generate a visually discernible pattern when the biological sample contains a level of 
polypeptide that would be sufficient to generate a positive signal in the two-antibody 
sandwich assay, in the fomiat discussed above. Preferred binding agents for use in such 
assays are antibodies and antigen-binding fragments thereof. Preferably, the amount of 
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antibod\' inimobili/ed on the membrane ranges from about 25 ng to about l|.ig, and more 
preferabh' from about 50 ng to about 500 ng. Such tests can t\picall\' be performed w ith a 
\ er\' small amount of biological sample. 

Of course, numerous other assa\' protocols exist that are suitable for use 
5 w ith the tumor proteins or binding agents of the present inv ention. The abo\ e descriptions 
are intended to be exemplary only. For example, it w ill be apparent to those of ordinar\^ 
skill in the art that the above protocols may be readiK' modified to use tumor polypeptides 
to detect antibodies that bind to such polypeptides in a biological sample. The detection of 
such tumor protein specific antibodies may correlate w ith the presence of a cancer. 

10 A cancer may also, or altemati\'ely, be detected based on the presence of T 

cells that specifically react with a tumor protein in a biological sample. Within ceilain 
methods, a biological sample comprising CD4' and/or CD8' T cells isolated from a patient 
is incubated w ith a tumor polypeptide, a polynucleotide encoding such a polypeptide and/or 
an APC that expresses at least an immunogenic portion of such a polypeptide, and the 

15 presence or absence of specific activation of the T cells is detected. Suitable biological 
samples include, but are not limited to, isolated T cells. For example, T cells may be 
isolated from a patient by routine techniques (such as by Ficoll/Hypaque density gradient 
centrifugation of peripheral blood lymphocytes). T cells may be incubated in vitro for 2-9 
days (typically 4 days) at 37°C with polypeptide (e.g.. 5 - 25 i^ig ml). It may be desirable to 

20 incubate another aliquot of a T cell sample in the absence of tumor polypeptide to serv^e as 
a control. For CD4 T cells, activation is preferably detected by evaluating proliferation of 
the T cells. For CDS* T cells, activation is preferably detected by evaluating cytolytic 
activity. A level of proliferation that is at least two fold greater and/or a level of cytolytic 
activity that is at least 20% greater than in disease-free patients indicates the presence of a 

25 cancer in the patient. 

As noted abo\'e, a cancer may also, or alternatively, be detected based on the 
level of mRNA encoding a tumor protein in a biological sample. For example, at least two 
oligonucleotide primers may be employed in a polymerase chain reaction (PCR) based 
assay to amplify a portion of a tumor cDNA derived from a biological sample, w^herein at 
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least one of the oligoinicleotide primers is specific for {i.e., h\'bridi/es to) a poKnucleotide 
encoding the tumor protein. The amphfied cDNA is then separated and detected using 
techniques well known in the art. such as gel electrophoresis. SimilarK'. oligonucleotide 
probes that specificalK' hybridize to a polynucleotide encoding a tumor protein may be 
5 used in a hybridization assa\' to detect the presence of pol>'nucleolide encoding the tumor 
protein in a biological sample. 

To pemiit hybridization under assay conditions, oligonucleotide primers and 
probes should comprise an oligonucleotide sequence that has at least about 60%, preferably 
at least about 75"o and more preferably at least about 90%, identity to a portion of a 

10 polynucleotide encoding a tumor protein of the in\'ention that is at least 10 nucleotides, and 
preferably at least 20 nucleotides, in length. Preferably, oligonucleotide primers and/or 
probes hybridize to a polynucleotide encoding a polypeptide described herein under 
moderately stringent conditions, as defined above. Oligonucleotide primers and/or probes 
which may be usefully employed in the diagnostic methods described herein preferably are 

15 at least 10-40 nucleotides in length. In a preferred embodiment, the oligonucleotide 
primers comprise at least 10 contiguous nucleotides, more preferably at least 15 contiguous 
nucleotides, of a DNA molecule having a sequence as disclosed herein. Techniques for 
both PCR based assays and hybridization assays are well known in the art {see, for 
example, Mullis et ah. Cold Spring Harbor Symp. Quant. BioL, 57:263, 1987; Erlich ed., 

20 PCR Technology. Stockton Press, NY, 1989). 

One preferred assay employs RT-PCR, in which PCR is applied in 
conjunction with reverse transcription. Typically, RNA is extracted from a biological 
sample, such as biopsy tissue, and is reverse transcribed to produce cDNA molecules. PCR 
amplification using at least one specific primer generates a cDNA molecule, which may be 

25 separated and \'isualized using, for example, gel electrophoresis. Amplification may be 
performed on biological samples taken from a test patient and from an individual who is 
not afflicted with a cancer. The amplification reaction may be performed on several 
dilutions of cDNA spanning two orders of magnitude. A two-fold or greater increase in 
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expression in se\ eral dilutions of the lest patient sample as eompared to the same dilutions 
of the non-cancerous sample is typicall\' considered positix e. 

In another embodiment, the compositions described herein ma\' be used as 
markers for the progression of cancer. In this embodiment, assa\'s as described abo\ e for 
5 the diagnosis of a cancer may be perfomied o\ er time, and the change in the lev el of 
reacti\e polypeptide! s) or polynucleotide(s) evaluated. For example, the assays may be 
perfonned ever\' 24-72 hours for a period of 6 months to 1 year, and thereafter performed 
as needed. In general, a cancer is progressing in those patients in whom the level of 
polypeptide or polynucleotide detected increases oxer time. In contrast, the cancer is not 
10 progressing when the le\el of reactive polypeptide or polynucleotide either remains 
constant or decreases with time. 

Certain in vivo diagnostic assays may be performed directly on a tumor. 
One such assay involves contacting tumor cells with a binding agent. The bound binding 
agent may then be detected directly or indirectly via a reporter group. Such binding agents 
15 may also be used in histological applications. Alternatively, polynucleotide probes may be 
used w ithin such applications. 

As noted above, to improve sensitivity, multiple tumor protein markers may 
be assayed within a gix^en sample. It will be apparent that binding agents specific for 
different proteins provided herein may be combined within a single assay. Further, 
20 multiple primers or probes may be used concurrently. The selection of tumor protein 
markers may be based on routine experiments to determine combinations that results in 
optimal sensitivity. In addition, or alternatively, assays for tumor proteins provided herein 
may be combined with assays for other known tumor antigens. 

The present invention further provides kits for use within any of the above 
25 diagnostic methods. Such kits typically comprise two or more components necessary for 
perfomiing a diagnostic assay. Components may be compounds, reagents, containers 
and/or equipment. For example, one container within a kit may contain a monoclonal 
antibody or fragment thereof that specifically binds to a tumor protein. Such antibodies or 
fragments may be provided attached to a support material, as described above. One or 
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more additional containers may enclose elements, such as reagents or buffers, to be used in 
the assa> . Sucli kits ma>' also, or aliemati\ ely, contain a detection reagent as described 
abo\ e that contains a reporter group suitable for direct or indirect detection of antibody 
binding. 

5 Altemati\'ely. a kit may be designed to detect the le\'el of mRNA encoding a 

tumor protein in a biological sample. Such kits general!}' comprise at least one 
ohgonucleotide probe or primer, as described abo\'e, that hybridizes to a polynucleotide 
encoding a tumor protein. Such an oligonucleotide may be used, for example, within a 
PCR or hybridization assay. Additional components that may be present within such kits 
10 include a second oligonucleotide and/or a diagnostic reagent or container to facilitate the 
detection of a polynucleotide encoding a tumor protein. 

The following Examples are offered by way of illustration and not by way 

of limitation. 

15 EXAMPLE! 

Preparation of Breast Tumor-Specific cDNAs Using 
Differential Display RT-PCR 

This Example illustrates the preparation of cDNA molecules encoding 
20 breast tumor-specific polypeptides using a differential display screen, 

A. Preparation of BlSAgl cDNA and Characterization of mRNA Expression 

Tissue samples were prepared from breast tumor and normal tissue of a 
patient with breast cancer that was confirmed by pathology after removal ft*om the patient. 
Normal RNA and tumor RNA was extracted from the samples and mRNA was isolated and 
25 converted into cDNA using a (dT),.AG (SEQ ID NO: 130) anchored 3' primer. Differential 
display PCR was then executed using a randomly chosen primer (CTTCAACCTC) (SEQ 
ID NO:103). Amplification conditions were standard buffer containing 1.5 mM MgCU, 
20pmol of primer, 500 pmol dNTP, and 1 unit of Tciq DNA polymerase (Perkin-Elmer, 
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Branchburg, NJ). Fort\' c\'cles of amplification were perfomied using 94"C denaturation 
for 30 seconds, 42T annealing for 1 minute, and 72~C extension for 30 seconds. An RXA 
fingerprint containing 76 amplified products was obtained. Although the RXA fingerprint 
of breast tumor tissue was o\'er 9S^o identical to that of the nomial breast tissue, a band w as 
5 repeatedly obser\ ed to be specific to the RNA fingerprint pattern of the tumor. This band 
was cut out of a siKer stained gel. subcloned into the T-\'ector (Noxagen, Madison, VVI) 
and sequenced. 



N0:1. A database search of GENBANK and EMBL revealed that the BlSAgl fragment 
10 initially cloned is 77*^ o identical to the endogenous human retro\'iral element S71, which is 
a truncated retro\'iral element homologous to the Simian Sarcoma Virus (SSV). S71 
contains an incomplete gag gene, a portion of the pol gene and an LTR-like structure at the 
3^ temiinus {see Werner et al.. Virology 174:225-238 (1990)). BlSAgl is also 64% 
identical to SSV in the region corresponding to the P30 (gag) locus. BlSAgl contains 
15 three separate and incomplete reading frames covering a region which shares considerable 
homology to a wide variety of gag proteins of retroviruses which infect mammals. In 
addition, the homology to S71 is not just within the gag gene, but spans several kb of 
sequence including an LTR. 



20 guidelines. RT-PCR amplification (94T, 30 seconds; 60°C 42°C, 30 seconds; 72^C, 30 
seconds for 40 cycles) confirmed that BlSAgl represents an actual mRNA sequence 
present at relatively high levels in the patient's breast tumor tissue. The primers used in 
amplification were BlSAgl-1 (CTG CCT GAG CCA CAA ATG) (SEQ ID NO:128) and 
BlSAgl -4 (CCG GAG GAG GAA GCT AGA GGA ATA) (SEQ ID NO: 129) at a 3.5 mM 

25 magnesium concentration and a pH of S.5, and BlSAgl -2 (ATG GCT ATT TTC GGG 
GCC TGA CA) (SEQ ID NO:126) and B18Agl-3 (CCG GTA TCT CCT CGT GGG TAT 
T) (SEQ ID NO: 127) at 2 mM magnesium at pH 9.5. The same experiments show^ed 
exceedingly low to nonexistent levels of expression in this patient's normal breast tissue 
(see Figure 1). RT-PCR experiments were then used to show that BlSAgl mRNA is 



The sequence of the cDNA, referred to as BlSAgl, is provided in SEQ ID 



BlSAgl -specific PCR primers were synthesized using 



computer analysis 
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present in nine other breast tumor samples (from Brazilian and American patients) but 
absent in, or at exceedmgK' low le\els in. the nomial breast tissue corresponding to each 
cancer patient. RT-PCR anaKsis has also shown that the BlSAgl transcript is not present 
in \arious nomial tissues (including ]\'mph node. m>'ocardium and lixer) and present at 
5 relati\ely low le\els in PBMC and lung tissue. The presence of BlSAgl mR\A in breast 
tumor samples, and its absence from normal breast tissue, has been confirmed by Northern 
blot analysis, as shown in Figure 2. 

The differential expression of BlSAgl in breast tumor tissue was also 
confimied by RNase protection assays. Figure 3 shows the level of BlSAgl niRNA in 

10 various tissue types as determined in four different RNase protection assays. Lanes 1-12 
represent x arious nomial breast tissue samples, lanes 13-25 represent various breast tumor 
samples; lanes 26-27 represent normal prostate samples; lanes 28-29 represent prostate 
tumor samples; lanes 30-32 represent colon tumor samples; lane 33 represents normal 
aorta; lane 34 represents nonnal small intestine; lane 35 represents normal skin, lane 36 

15 represents normal lymph node; lane 37 represents nomial ovary; lane 38 represents normal 
liver; lane 39 represents nomial skeletal muscle; lane 40 represents a first normal stomach 
sample, lane 41 represents a second normal stomach sample; lane 42 represents a normal 
lung; lane 43 represents normal kidney; and lane 44 represents normal pancreas. 
Interexperimental comparison was facilitated by including a positive control RNA of 

20 known P-actin message abundance in each assay and normalizing the results of the 
different assays with respect to this positive control. 

RT-PCR and Southern Blot analysis has shown the BlSAgl locus to be 
present in human genomic DNA as a single copy endogenous retroviral element. A 
genomic clone of approximately 12-18 kb was isolated using the initial BlSAgl sequence 

25 as a probe. Four additional subclones were also isolated by Xbal digestion. Additional 
retroviral sequences obtained from the ends of the Xbal digests of these clones (located as 
shown in Figure 4) are shown as SEQ ID N0:3 - SEQ ID NO: 10, where SEQ ID N0:3 
shows the location of the sequence labeled 10 in Figure 4, SEQ ID N0:4 shows the 
location of the sequence labeled 1 1-29, SEQ ID N0:5 shows the location of the sequence 
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labeled 3. SEQ ID N0:() shows the location of the sequence labeled 6, SEQ ID \0:7 shows 
the location of the sequence labeled 12, SEQ ID NO:S shows the location of the sequence 
labeled 13, SEQ ID NO:9 shows the location of the sequence labeled 14 and SEQ ID 
NO: 10 show s the location of the sequence labeled 1 1-22. 
5 Subsequent studies demonstrated that the 12-18 kb genomic clone contams a 

retro\'iral element of about 7.75 kb, as shown in Figures 5A and 5B. The sequence of this 
retro\ iral element is shown in SEQ ID NO: 141. The numbered line at the top of Figure 5 A 
represents the sense strand sequence of the retroviral genomic clone. The box below this 
line shows the position of selected restriction sites. The arrows depict the different 

10 overlapping clones used to sequence the retroviral element. The direction of the arrow 
shows whether the single-pass subclone sequence corresponded to the sense or anti-sense 
strand. Figure 5B is a schematic diagram of the retroviral element containing BlSAgl 
depicting the organization of viral genes within the element. The open boxes correspond to 
predicted reading frames, starting with a methionine, found throughout the element. Each 

15 of the six likely reading frames is shown, as indicated to the left of the boxes, with frames 
1-3 corresponding to those found on the sense strand. 

Using the cDNA of SEQ ID N0:1 as a probe, a longer cDNA was obtained 
(SEQ ID N0:227) which contains minor nucleotide differences (less than 1%) compared to 
the genomic sequence showii in SEQ ID NO: 141. 

20 B. Preparation of cDNA Molecules Encoding Other Breast Tumor-Specific 
Polypeptides 

Normal RNA and tumor RNA was prepared and mRNA w^as isolated and 
converted into cDNA using a (dT)i2AG anchored 3' primer, as described above. 
Differential display PGR was then executed using the randomly chosen primers of SEQ ID 
25 NOs:87-125, Amplification conditions were as noted above, and bands observed to be 
specific to the RNA fingerprint pattem of the tumor were cut out of a silver stained gel, 
subcloned into either the T-vector (Novagen, Madison, WI) or the pCRII vector 
(Invitrogen. San Diego, CA) and sequenced. The sequences are provided in SEQ ID 
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N0:1 1 - SEQ ID NO:86. Of the 79 sequences isolated. 67 were found to be no\ el (SEQ ID 
NOs: 1 1-26 and 2S-';^7) (sec also Figures 6-20). 

An extended DNA sequence (SEQ ID \0:29()) for the antigen B15Agl 
(originalK identified partial sequence pro\ ided in SEQ ID NO:27) was obtained in further 
5 studies. Comparison of the sequence of SEQ ID NO:29() with those in the gene bank as 
described abo\e. re\ealed homology to the known human P-A actixin gene. Further 
studies led to the isolation of the full-length cDNA sequence for the antigen B21GT2 (also 
referred to as B311D; originally identified partial cDNA sequence pro\'ided in SEQ ID 
NOs:56). The full-length sequence is pro\ ided in SEQ ID NO:307, with the corresponding 

10 amino acid sequence being provided in SEQ ID NO:308. Further studies led to the 
isolation of a splice variant of B311D. The B311D clone of SEQ ID NO:316 was 
sequenced and a XhoI/NotI fragment from this clone was gel purified and 32P-cDTP 
labeled by random priming for use as a probe for further screening to obtain additional 
B311D gene sequence. Two fractions of a human breast tumor cDNA bacterial library 

15 w ere screened using standard techniques. One of the clones isolated in this manner yielded 
additional sequence which includes a poly A+ tail. The determined cDNA sequence of this 
clone (referred to as B31 ID BTl l A) is provided in SEQ ID NO:317, The sequences of 
SEQ ID NOs:316 and 317 were found to share identity over a 464 bp region, with the 
sequences diverging near the poly A+ sequence of SEQ ID N0:3 1 7. 

20 Subsequent studies identified an additional 146 sequences (SEQ ID 

NOs:142-289), of w hich 115 appeared to be novel (SEQ ID N0s:142, 143, 146-152, 154- 
166, 168-176, 178-192, 194-198, 200-204, 206, 207, 209-214, 216, 218, 219, 221-240, 
243-245, 247, 250, 251, 253, 255, 257-266, 268, 269, 271-273, 275, 276, 278, 280, 281, 
284, 288 and 291). To the best of the inventors' knowledge none of the previously 

25 identified sequences have heretofore been shown to be expressed at a greater level in 
human breast tumor tissue than in normal breast tissue. 

In further studies, sex eral different splice forms of the antigen Bl 1 Agl (also referred to as 
B305D) were isolated, with each of the various splice fomis containing slightly different 
versions of the BIIAgl coding frame. Splice junction sequences define individual exons 
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which, in \'arious patterns and arrangements, make up the xarious sphce fomis. Primers 
w ere designed to examine the expression patteni of each of the exons using RT-PCR as 
described below . Each exon w as found to show the same expression pattern as the original 
BllAgl clone, with expression being breast tumor-, nonnal prostate- and normal testis- 
5 specific. The determined cDNA sequences for the isolated protein coding exons are 
provided in SEQ ID NOs:292-298, respectively. The predicted amino acid sequences 
corresponding to the sequences of SEQ ID NOs:292 and 298 are pro\ ided in SEQ ID 
\Os:299 and 300. Additional studies using rapid amplification of cDNA ends (RACE), a 
5^ specific primer to one of the splice fomis of BllAgl provided above and a breast 

10 adenocarcinoma, led to the isolation of three additional, related, splice forms referred to as 
isofomis BllC-15, BllC-8 and BllC-9,16. The detemiined cDNA sequences for these 
isofonns are provided in SEQ ID NO: 301-303, with the corresponding predicted amino 
acid sequences being provided in SEQ ID NOs:304-306. 

The protein coding region of B II C- 15 (SEQ ID NO: 301; also referred to as 

15 B305D isoform C) w as used as a query sequence in a BLASTN search of the Genbank 
DNA database. A match was found to a genomic clone fomi chromosome 21 (Accessson 
no. AP00I465). The painvisc alignments provided in the BLASTN output were used to 
identify the putative exon, or coding, sequence of the chromosome 21 sequence that 
corresponds to the B305D sequence. Based on the BlastN pairwise alignments, the 

20 following pieces of GenBank record AP00I465 w ere put together: base pairs 67978-68499, 
72870-72987, 73144-73335, 76085-76206, 77905-78085, 80520-80624, 87602-87633. 
This sequence was then aligned with the B305D isoform C sequence using the DNA Star 
Seqman program and excess sequence was deleted in such a w^ay as to maintain the 
sequence most similar to B305D. The final edited fomi of the chromosome 21 sequence 

25 was 96.5% identical to B305D. This resulting edited sequence from chromosome 21 w^as 
then translated and found to contain no stop codons other than the final stop codon in the 
same position as that for B305D. As with B305D, the chromosome 21 sequence (provided 
in SEQ ID NO: 325) encoded a protein (SEQ ID NO: 326)with 384 amino acids. An 
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alignment of this protein with the B3()5D isotbrni C protein (SEQ ID NO: 304)sho\vcd 
9()*\) amino acid identit\ . 



SEQ ID NO:292). the cDNA sequence (provided m SEQ ID NO:313) was found to contain 
5 an additional guanine residue at position 884, leading to a frameshift in the open reading 
frame. The detemiined DNA sequence of this ORE is pro\ ided in SEQ ID NO:314. This 
frameshift generates a protein sequence (pro\ided in SEQ ID \0:315) of 293 amino acids 
that contains the C-terminal domain common to the other isofonns of B305D but that 
differs in the N-tenninal region. 



This Example illustrates the preparation of BISAgI DNA by amplification 
15 from human genomic DNA. 

BISAgI DNA may be prepared from 250 ng human genomic DNA using 20 
pmol of BISAgI specific primers, 500 pmol dNTPS and 1 unit of Taq DNA polymerase 
(Perkin Elmer, Branchburg, NJ) using the following amplification parameters: 94°C for 30 
seconds denaturing, 30 seconds 60°C to 42°C touchdown annealing in 2^C increments 
20 every two cycles and ll^'C extension for 30 seconds. The last increment (a 42°C annealing 
temperature) should cycle 25 times. Primers w^ere selected using computer analysis. 
Primers synthesized were BISAgI -I, BISAgI -2, BISAgI -3, and BlSAgl-4. Primer pairs 
that may be used are 1+3, 1+4, 2+3, and 2+4. 

Following gel electrophoresis, the band corresponding to BISAgI DNA 
25 may be excised and cloned into a suitable vector. 



In subsequent studies on B305D isofonn A (cDNA sequence provided in 
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EXAMPLE 2 



Preparation of BISAgI DNA from Hlman Genomic DNA 
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EXAMPLE 3 

Pf<I:Parati()n 01^ B 1 SAG 1 DNA f rom Br[: ast Ti mor cDN A 

This Example illustrales the preparation of 81 SAgl DNA b\' amplification 
5 from human breast tumor cDNA. 

First strand cDNA is synthesized from RNA prepared from human breast 
tumor tissue in a reaction mixture containing 500 ng poly A-^ RNA, 200 pmol of the primer 
(T),,AG (i.e.. TTT TTT TTT TTT AG) (SEQ ID NO:130), IX first strand reverse 
transcriptase buffer, 6.7 mM DTT, 500 mmol dNTPs, and 1 unit AMV or MMLV reverse 
10 transcriptase (from an\' supplier, such as Gibco-BRL (Grand Island, NY)) in a final volume 
of 30 ).il. After first strand synthesis, the cDNA is diluted approximately 25 fold and 1 is 
used for amplification as described in Example 2. While some primer pairs can result in a 
heterogeneous population of transcripts, the primers B18Agl-2 (5'ATG GCT ATT TTC 
GGG GGC TGA CA) (SEQ ID NO:126) and B18Agl-3 (5TCG GTA TCT CCT CGT 
1 5 GGG TAT T) (SEQ ID NO: 1 27) yield a single 1 5 1 bp amplification product. 

EXAMPLE 4 

IDHNTIFICATION OF B-CELL AND T-CELL EPITOPES OF BlSAcl 

20 This Example illustrates the identification of Bl SAgl epitopes. 

The BlSAgl sequence can be screened using a variety of computer 
algorithms. To determine B-cell epitopes, the sequence can be screened for hydrophobicity 
and hydrophilicity values using the method of Hopp, Prog. Clin. Biol. Res. j 728:367-77 
(1985) or, alternatively. Cease et al., J. Exp. Med. 164:1779-84 (1986) or Spouge et al., J. 

25 Immiinol 735:204-12 (1987). Additional Class II MHC (antibody or B-cell) epitopes can 
be predicted using programs such as AMPHI {e.g., Margalit et al., J. Immunol. /iS:2213 
(1987)) or the methods of Rothbard and Taylor (e.g., EMBOJ. 7:93 (1988)). 

Once peptides (15-20 amino acids long) are identified using these 
techniques, indi\idual peptides can be synthesized using automated peptide synthesis 
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equipment (a\ailablc from manufacturers such as Perkin Elmer Applied Biosvstems 
Di\'ision, Foster City. CA) and techniques such as Merri field synthesis. Following 
s\nthesis, the peptides can used to screen sera har\ested from either normal or breast 
cancer patients to detennine w hether patients w ith breast cancer possess antibodies reactix e 
5 w ith the peptides. Presence of such antibodies in breast cancer patient would confirm the 
immunogenicity of the specific B-cell epitope in question. The peptides can also be tested 
for their ability to generate a serologic or humoral immune in animals (mice, rats, rabbits, 
chimps etc.) following immunization vivo. Generation of a peptide-specific antiserum 
following such immunization further confimis the immunogenicity of the specific B-cell 

10 epitope in question. 

To identify T-cell epitopes, the BlSAgl sequence can be screened using 
different computer algorithms which are useful in identifying 8-10 amino acid motifs 
within the BlSAgl sequence which are capable of binding to HLA Class I MHC 
molecules, {see, e.g.. Rammensee et al., Immunogenetics ^7:178-228 (1995)). Following 

15 synthesis such peptides can be tested for their ability to bind to class I MHC using standard 
binding assays (e.g., Sette et ah, J. Immunol /5J:5586-92 (1994)) and more importantly 
can be tested for their ability to generate antigen reactive cytotoxic T-cells following in 
vitro stimulation of patient or normal peripheral mononuclear cells using, for example, the 
methods of Bakker et al., Ccineer Res. 55:5330-34 (1995); Visseren et al., J. Immunol. 

20 75^:3991-98 (1995); Kawakami et al., J. Immunol. 754:3961-68 (1995); and Kast et al., 7. 
Immunol. 752:3904-12 (1994). Successful in vitro generation of T-cells capable of killing 
autologous (bearing the same Class I MHC molecules) tumor cells following in vitro 
peptide stimulation further confirms the immunogenicity of the B18Agl antigen. 
Furthennore, such peptides may be used to generate murine peptide and B18Agl reactive 

25 cytotoxic T-cells following in vivo immunization in mice rendered transgenic for 
expression of a particular human MHC Class I haplotype (Vitiello et ah, J. Exp. Med. 
7.^^:1007-15 (1991). 

A representatixe list of predicted BlSAgl B-cell and T-cell epitopes, broken 
down according to predicted HLA Class I MHC binding antigen, is shown below: 
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Predicted Th Motifs (B-ccll epitopes) (SEQ ID NOS.: 131-133) 
SSGGRTFDDFHRVLLNGl 
0GAA0KP1NLSKX1E\'\QGHDE 
5 SPGXFLEHLQEAVRIVTPFDLSA 

Predicted HLA A2.1 Motifs (T-cell epitopes) (SEQ ID NOS.: 134-140) 
YLLVGIQGA 
GAAQKPINL 
10 NLSKXIEVV 
EVVQGHDES 
HLQEAYRIV 
NLAFVAQAA 
FVAQAAPDS 

15 

EXAMPLE 5 
Identification of T-cell Epitopes of B1 IAgI 
This E.xample illustrates the identification of BllAgl (also referred to as 
B305D) epitopes. Four peptides, refeired to as BI 1-8. Bl 1-1, Bl 1-5 and Bll-12 (SEQ ID 
20 NOs:309-3]2, respectfully) were derived from the Bl 1 Agl gene. 

Human CDS T cells were primed //; vitro to the peptide Bll-8 using 
dendritic cells according to the protocol of Van Tsai et al. {Critical Reviews in Immunology 
/5:65-75, 1998). The resulting CDS T cell cultures were tested for their ability to 
recognize the Bll-8 peptide or a negative control peptide, presented by the B-LCL line, 
25 .lY. Briefly, T cells were incubated with autologous monocytes in the presence of 10 ug/ml 
peptide, 10 ng/ml IL-7 and 10 ug ml IL-2, and assayed for their ability to specifically lyse 
target cells in a standard 51-Cr release assay. As shown in Fig. 22, the bulk culture line 
demonstrated strong recognition of the Bll-8 peptide with weaker recognition of the 
peptide Bl 1-1 . 
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A clone from this CTL line w as isolated follow ing rapid expansion using the 
monoclonal antibod\ 0KT3 and human IL-2. As shown in Fig. 23, this clone (referred to 
as Al), in addition to being able to recognize specific peptide, recognized }Y LCL 
transduced with the BllAgl gene. This data demonstrates that Bll-8 is a naturally 
5 processed epitope of the BllAgl gene. In addition these T cells were further found to 
recognize and hse, in an HLA-A2 restricted manner, an established tumor cell line 
naturally expressing BllAgl (Fig. 24). The T cells strongly recognize a lung 
adenocarcinoma (LT-140-22) naturally expressing BllAgl transduced with HLA-A2, as 
well as an A2-*- breast carcinoma (CAMA-1) transduced with BllAgl, but not 
1 0 untransduced lines or another negatix e tumor line (SW620). 

These data clearly demonstrate that these human T cells recognize not only 
Bl I -specific peptides but also transduced cells, as well as naturally expressing tumor lines. 

CTL lines raised against the antigens Bll-5 and Bll-12, using the 
procedures described above, were found to recognize corresponding peptide-coated targets. 

15 
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EXAMPLE 6 

Char a( Ti:riza HON of Brfasf Timor Gi-:Nr:s Disoo\'I,ri-:i) in' 
D![-[-r.R[:NT!Ai. DISRLA^' PCR 

5 The specificity and sensitivit\' of the breast tumor genes discovered by 

differential display PCR were detemiined using RT-PCR. This procedure enabled the rapid 
e\'aluation of breast tumor gene mRNA expression semiquantitatively without using large 
amounts of RNA. Using gene specific primers, mRNA expression levels in a variety of 
tissues were examined, including 8 breast tumors, 5 normal breasts, 2 prostate tumors, 2 
10 colon tumors, 1 lung tumor, and 14 other nomial adult human tissues, including normal 
prostate, colon, kidney, li\'er, lung, o\'ar\\ pancreas, skeletal muscle, skin, stomach and 
testes. 

To ensure the semiquantitative nature of the RT-PCR, p-actin was used as 
internal control for each of the tissues examined. Serial dilutions of the first strand cDNAs 

15 were prepared and RT-PCR assays performed using P-actin specific primers. A dilution 
was then selected that enabled the linear range amplification of P-actin template, and which 
was sensitive enough to reflect the difference in the initial copy number. Using this 
condition, the P-actin levels were determined for each reverse transcription reaction from 
each tissue. DNA contamination was minimized by DNase treatment and by assuring a 

20 negative result when using first strand cDNA that was prepared without adding reverse 
transcriptase. 

Using gene specific primers, the mRNA expression levels were determined 
in a variety of tissues. To date, 38 genes have been successfully examined by RT-PCR, 
five of which exhibit good specificity and sensitivity for breast tumors (B15AG-1, 
25 B31GAlb, B38GA2a, Bl lAla and BlSAGla). Figures 21 A and 21B depict the results for 
three of these genes: B15AG-1 (SEQ ID NO:27), B31GAlb (SEQ ID NO:148) and 
B38GA2a (SEQ ID NO: 157). Table I summarizes the expression level of all the genes 
tested in nomial breast tissue and breast tumors, and also in other tissues. 
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TABLE I 

Percentage of Breast Cancer Antigens that are Expressed in X'arious Tissues 



5 


0\'er-expressed in Breast Tumors 


84"o 


Breast Tissues 


Equall\' Expressed in Nomials and Tumor 


\6% 


{) 


0\"er-expressed in Breast Tumors but 
not m anv Normal Tissues 


y 0 


Other Tissues 


0\'er-expressed in Breast Tumors but 
Expressed in Some Nomial Tissues 


30% 


5 


Over-expressed in Breast Tumors but 
Equally Expressed in All Other Tissues 


61% 



20 EXAMPLE 7 

Preparation and Characterization of Antibodies against Breast Tumor 

Polypeptides 

Polyclonal antibodies against the breast tumor antigen B305D were prepared 

25 as follows. 

The breast tumor antigen expressed in an coli recombinant expression 
system was grown overnight in LB broth with the appropriate antibiotics at 37 "C in a 
shaking incubator. The next morning, 10 ml of the overnight culture w as added to 500 ml 
to 2x YT plus appropriate antibiotics in a 2L-baffled Erlenmeyer flask. When the Optical 
30 Density (at 560 nm) of the culture reached 0,4-0.6, the cells were induced with IPTG (1 
mM). Four hours after induction with IPTG, the cells were harvested by centrifugation. 
The cells were then washed with phosphate buffered saline and centrifuged again. The 
supernatant was discarded and the cells were either frozen for future use or immediately 
processed. Twenty ml of lysis buffer was added to the cell pellets and vortexed. To break 
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open the E. coli cells, this mixture was then run through the French Press at a pressure of 
10. (}()() psi. The cells were then centrifuged again and the supernatant and pellet were 
checked bv SDS-PAGE for the partitioning of the recombmanl protein. For proteins that 
localized to the cell pellet, the pellet was resuspended m 10 mM Tris pH S.O, To CHAPS 

5 and the uiclusion bod\' pellet was washed and centrifuged again. This procedure was 
repeated tw ice more. The washed inclusion bod\' pellet was solubilized with either 8 M 
urea or 6 M guanidinc HCl containing 10 mM Tris pH 8.0 plus 10 mM imidazole. The 
solubilized protein was added to 5 ml of nickel-chelate resin (Qiagen) and incubated for 45 
min to 1 hour at room temperature with continuous agitation. After incubation, the resin 

10 and protein mixture were poured through a disposable column and the flow through w^as 
collected. The column w as then washed w ith 10-20 column \ olumes of the solubilization 
buffer. The antigen was then eluted from the column using 8M urea, 10 mM Tris pH 8.0 
and 300 mM imidazole and collected in 3 ml fractions. A SDS-PAGE gel was run to 
detemiine which fractions to pool for further purification. 

15 As a final purification step, a strong anion exchange resin such as HiPrepQ 

(Biorad) was equilibrated with the appropriate buffer and the pooled fractions from above 
were loaded onto the column. Antigen was eluted off the column w ith a increasing salt 
gradient. Fractions were collected as the column was run and another SDS-PAGE gel was 
run to detemiine which fractions from the column to pool. The pooled fractions were 

20 dialyzed against 10 mM Tris pH 8.0. The protein was then vialed after filtration through a 
0.22 micron filter and the antigens were frozen until needed for immunization. 

Four hundred micrograms of B305D antigen was combined with 100 
micrograms of muramyldipeptide (MDP). Every four weeks rabbits were boosted with 100 
micrograms mixed with an equal volume of Incomplete Freund's Adjuvant (IFA). Seven 

25 days following each boost, the animal was bled. Sera was generated by incubating the 
blood at 4 for 12-24 hours followed by centrifugation. 

Ninety-six well plates were coated with B305D antigen by incubating wqth 
50 microliters (typically 1 microgram) of recombinant protein at 4 T for 20 hours. 250 
microliters of BSA blocking buffer was added to the wells and incubated at room 
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temperature for 2 hours. Plates w ere w ashed 6 tunes w uh PBS O.orN, Tw een. Rahbit sera 
w as diluted \n PBS. Fifty microliters of diluted sera w as added to each w ell and incubated 
at room temperature for 30 min. Plates were washed as described abo\e before 50 
microliters of goat anti-rabbit horse radish peroxidase (HRP) at a 1:10000 dilution was 
5 added and incubated at room temperature for 30 min. Plates were again washed as 
described abo\ e and 100 microliters of TMB microwell peroxidase substrate was added to 
each well Follow ing a 15 min incubation in the dark at room temperature, the colonmetric 
reaction was stopped with 100 microliters of IN H.SO^ and read immediately at 450 nm. 
The polyclonal antibodies show ed immunoreacti\ ity to B305D. 

10 Immunohistochemical (IHC) analysis of B305D expression in breast cancer 

and nomial breast specimens was performed as follow s. Paraffin-embedded formal fixed 
tissue was sliced into 8 micron sections. Steam heat induced epitope retrieval (SHIER) in 
0.1 M sodium citrate buffer (pH 6.0) was used for optimal staining conditions. Sections 
were incubated w ith 10% serum/PBS for 5 minutes. Primary^ antibody was added to each 

15 section for 25 min at indicated concentrations followed by a 25 min incubation with either 
an anti-rabbit or anti-mouse biotinylated antibody. Endogenous peroxidase activity was 
blocked by three 1.5 min incubations with hydrogen peroxide. The avidin biotin 
complex/horseradish peroxidase (ABC/HRP) systems was used along with DAB 
chromagen to visualize antigen expression. Slides were counterstained with hematoxylin. 

20 B305D expression was detected in both breast tumor and nomial breast tissue. However, 
the intensity of staining was much less in nomial samples than in tumor samples and 
surface expression of B305D was obser\^ed only in breast tumor tissues. 

A summary of real-time PCR and immunohistochemical analysis of B305D 
expression in an extensive panel of normal tissues is presented in Table II below. These 

25 results demonstrate minimal expression of B305D in testis, inconclusive results in gall 
bladder, and no detection in all other tissues tested. 
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TABLE II 



niRNA 


IHC staining 


Tissue type 


Summary 


ModerateK' 


Positixe 


Testis 


Nuclear staining of small 


posili\"e 






minoritx' ot^ spermatids; 
spermatozoa negatix e; 
siminoma negative 


Negative 


Negative 


Thymus 


No expression , 

_ — ; j 


N A 


Negative 


Arterx' 


No expression 


Negatixe i 


Negatix'e 


Skeletal muscle \ 

— ^ ^- 


No expression 


Negatixe 


Positix e (xx eak staining) 


Small boxvel ^ 


No expression 

. \ 


Negative 


Positix e (weak staining) 


Oxary 


No expression 


Negatixe 


. i 


Pituitarx'' 


No expression 


Negative \ 


Positix e (xveak staining) i 


Stomach 


No expression 


Negative 


Negative 


Spinal cord 


No expression 


Negative 


Negative 


Spleen 


No expression 


Negative 


Negative 


Ureter 


No expression 


N/A 


Negative 


Gall bladder 


hiconclusive 


N/A 


Negative 


Placenta 


No expression 


Negative 


Negative 


Thyroid 


No expression 


1 ^ 

Negative 


Negative 


Heart 


No expression 


Negative 


Negative 


Kidney 


No expression 


Negative 


Negative 


Liver 


No expression 


Negative 


Negative 


Brain-cerebellum 


No expression 


Negative 


Negative 


Colon 


No expression 


Negative 


Negative 


Skin 


No expression 


Negative 


Negative 


Bone marroxv 


No expression 


N/'A 


Negative 


Parathyroid 


No expression 


Negative 


Negative 


Lung 


No expression 


Negative 


Negative 


Esophagus 


No expression 


Negative 


Positive (xveak staining) 


Uterus 


No expression 


Negative 


Negative 


Adrenal 


No expression 


Negative 


Negative 


Pancreas 


No expression 


i N/A 


Negative 


Lymph node 


No expression 


\ . 

' Negative 


Negative 


Brain-cortex 


No expression 


N/A 


Negative 


Fallopian tube 


No expression 


Negative 


Positive (xveak staining) 


Bladder 


No expression 


Negatixe 


N/A 


1 Bone 


No expression 


Negative 


N A 


^ Salix aPy' gland 


No expression 


Negatixe 


N A 


Activated PBMC 


No expression 


Negatix'e 


N'A 


Resting PBMC 


No expression 
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Negatn e 


\ A 


Trachea 


No expression 


Negati\ c 


N A 


\'cna ca\ a 


No expression 


Ncgali\c 


N A 


Retina 


No expression 


Ncgali\ e 


N A 


Cartilage 


No expression 



EXAMPLE 8 
Protein Expression of Breast Timor Antigens 

5 This example describes the expression and purification of the breast tumor 

antigen B305D in E. coli and in mammalian cells. 

Expression of B305D isofomi C-15 (SEQ ID NO:301; translated to 384 
amino acids) in E. coli was achie\'ed by cloning the open reading frame of B305D isofomi 
C-15 downstream of the first 30 amino acids of the M. tuberculosis antigen Ral2 (SEQ ID 

10 NO:318) in pET17b. First, the internal EcoRI site in the B305D ORE was mutated without 
changing the protein sequence so that the gene could be cloned at the EcoRI site with Ral2. 
The PCR primers used for site-directed mutagenesis are shown in SEQ ID NO:319 
(referred to as AW012) and SEQ ID NO:320 (referred to as AW013). The ORE of EcoRI 
site-modified B305D was then amplified by PCR using the primers AW014 (SEQ ID 

15 NO:321) and AW015 (SEQ ID NO:322). The PCR product was digested with EcoRI and 
ligated to the Ral2/pET17b vector at the EcoRI site. The sequence of the resulting fusion 
construct (referred to as Ral2mBllC) was confirmed by DNA sequencing. The 
determined cDNA sequence for the fusion construct is provided in SEQ ID NO:323, with 
the amino acid sequence being provided in SEQ ID NO:324. 

20 The fusion construct was transformed into BL21(DE3)CodonPlus-RIL E, 

coli (Stratagene) and grown overnight in LB broth with kanamycin. The resulting culture 
was induced with IPTG. Protein was transferred to PVDF membrane and blocked with 5% 
non-fat milk (in PBS-Tween buffer), washed three times and incubated with mouse anti- 
His tag antibody (Clontech) for 1 hour. The membrane was washed 3 times and probed 

25 with HRP-Protein A (Zymed) for 30 min. Finally, the membrane was washed 3 times and 
developed with ECL (Amersham). Expression was detected by Westem blot. 
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For recombinant expression m mammalian cells. B3()5D isofomi C-15 (SEQ 
ID NO:3()l: translated to 384 amino acids) was subcloned mto the mammalian expression 
vectors pCEP4 and pcDNA3.1 ( Invitrogen). These constructs were transfected into 
HEK293 cells (ATCC) using Eugene 6 reagent (Roche). Brietly, the HEK cells were 

5 plated at a densit\- of 1()(),0()0 cells ml in DMEM (Gibco) containing 10^) FBS (Hyclone) 
and grown overnight. The following day, 2 ul of Eugene 6 was added to 100 ul of DMEM 
containing no EES and incubated for 15 minutes at room temperature. The Eugene 
6 DMEM mixture was added to 1 ug of B305D pCEP4 or B305D pcDNA plasmid DNA 
and incubated for 15 minutes at room temperature. The Eugene DNA mix was then added 

10 to the HEK293 cells and incubated for 48-72 hours at 37 T with 7% CO.. Cells were 
rinsed w ith PBS, the collected and pelleted by centrifugation. 

Eor Western blot analysis, whole cell lysates were generated by incubating 
the cells in Triton-XlOO containing lysis buffer for 30 minutes on ice. Lysates were then 
cleared by centrifugation at 10,000 rpm for 5 minutes at 4 T. Samples were diluted with 

15 SDS PAGE loading buffer containing beta-mercaptoethanoE and boiled for 10 minutes 
prior to loading the SDS_PAGE gel. Proteins were transferred to nitrocellulose and probed 
using Protein A purified anti-B305D rabbit polyclonal sera (prepared as described above) at 
a concentration of 1 ug/ml. The blot w^as revealed with a goat anti-rabbit Ig coupled to 
HRP follow ed by incubation in ECL substrate. Expression of B305D was detected in the 

20 the HEK293 lysates transfected with B305D, but not in control HEK293 cells transfected 
w ith vector alone. 

Eor EACS analysis, cells were washed further with ice cold staining buffer 
and then incubated with a 1:100 dilution of a goat anti-rabbit Ig (H+L)-EITC reagent 
(Southern Biotechnology) for 30 minutes on ice. Eollow^ng 3 washes, the cells w^ere 
25 resuspended in staining buffer containing Propidium Iodide (PI), a vital stain that allow^s 
for identification of penneable cells, and then analyzed by EACS, The EACS analysis 
showed surface expression of B305D protein. 
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From the foregoing it will be appreciated that, although specific 
embodiments of the inxention have been described herein for purposes of illustration, 
\arious modifications ma\' be made without de\ iating from the spirit and scope of the 
im ention. AccordmgK', the in\ ention is not limited except as b>' the appended claims. 
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